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ABSTRACT 



This report of the Science anii Technology 
Telecommunications Task Force consists of analyses cf diverse issues, 
along with recommended actions. The project ,^gid two objectives: (1) 

^oJdentify actions that will pave the -say for the application of a 
few promising technologies to the benefit ^of^users cf- 
tel^communications, and (2) to suggest actions as a basis for 
Gioyernme^nt program development , for industry initiatives, and for 
joint government and industry activities. Four napor technologies are 
addressed: direct satellite coDOifnica:tions , (^) land mobile 

radio, (3) broadband c^iomunications networks, and {^^) fiber optic" 

* communications. Each is discussed relative'to its ciirrent status, the 
issues affecting its growth, actions designed to' address these 

-issues, andr« the iiiipact of the proposed actions. The discussion is 
organized under four general categories: (1) needs and the market, . 
(2) system de^^^opments and performance, (3) policy' -and regulation, 
a nd^ (4) ^spectrum management. Conclilsions, r ecoamendations, and 
suqqestions relating to the process of formulating a caticnal draft 
agenda ar-e- presented- in a final chapter. (DAG)- . 
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STATEMENJ OF MISSIQN - 

^^j^ mission of the Offke of Telecommunications in the Department 
. of Commerce is tp assist the Department in fostering, servings and 
promoting the nation's economic development and technological 
advancement'by improving man's comprehension o| telecommuni- 
cation science and by assuring effective use and growth of the 
' nation's telecommunication* resources. 



In carrying out this mission, ^the Office . ■ 

•> ' ' / . 

• Conducts research needed in the evaluation and 'development 
of policy as required by ihe Department pf^Commerce, \ 

• Assists other government agencies m the use cyf tel^communf-^ 
f cations ™ • . 

• Conducts research, engmeering, ahd analyst? in the general 
field of teletommunication science to meet government needs 

• Acquires, analyzes, synthesizes, and disseminates information^ 
'for the efficient use 6f the nation's telecommunicatioQ ' re- 
sources. , ; 

• Peyrforms' analysis, engineering, 'and reflated adrtiinistbtiye 
functions responsive to, the needs of the Directbr of the/Offifce 
of Telecommunications Policy^ Executive .Office of the Prissi- 

^ dent, in the performance of his responsibilities for the manage- 
ment of the radio spectrum 

• Conducts research needed* in the evaluation -and development 
of wplecomfnunication policy as required by the Office of Tfile-y 
communication's Policy, pursuant to Exec^^tive Ord0r 11556 
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*; PREFACE . . ■ " /■ ■ ; 

This report contains, the findings and recommendations of the 
Science and Techholdgy Telecommunications' Task Force of the 
U. S. Department of Commerce. The Task Force was formed to * 
explore how barriers to the application of telecoifimunicatibn' 
technology might be lowered so that new domestic products 
and s^ervices would become more widely^ and mOre rapidly, 
available. • \ ' . ' 

To, begin their work, and to give it direction/ the' Task 
^ Force members undertook a thorough research of*, the recent 
literature. Over 100 publications were reviewed. Along 
with this, they consulted wi±h industr^. and association ' 
officers — '17 industrial firms took part — to isolate 
salient industry problems ^and opportunities. . 

Task Force meTi±>ers visited 39 companies/ which were selected 
to provide a blend ^ of a number of varied elements: large 
and small companies; equipment manufacturers and Service 
providers; and ' exporters and companies serving the doynestic 
market.' Taken \as a whole, the interviews and visits covered 
the major elements of the U. S. telecommunication .industry . 

In the faill of 1§75, upon completion of the visits, a dr^ft 
report was submitted to many of the participating firms, 
selected Concernment agencies, and other intere"i§J;ed parties. 
A substantial body of comment was collected ^on the .draft. ' 
These views were considered during the preparation of this 
final report, which is believed to' be up^to-date' as of i 
July 1976. * ^ . ^ ^ ' 

* * * 

This report has also benefitted from' the c^riticism offer'ea ^ 
by sever^^l industrial organizations of intermediate drafts 
of the <:hapters dealing with specific ^technologies. . \ " • 
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. " - EXKUTivrsunmRY 

This report is baseti on the work of a Telecommunications 
Task Force formed in August 1975 under the direction of the^ 
Assistant Secretary- of Commerce for Science and Technology,*'' 
Dr. Betsy Ancker-Johnsbn.^ * \ ^ ' , 

The objective of the report is twofold.: 

o To identify actions that will pave the way for , 
the application of a few promising technologies 
•to the benefit of users 'of telecommunications: 

k ■ r 

o To suggest any such actions^s a basis for Government 

program development, for i^ustry initiatives, jand 
" ^ for 'joint Government and /ifi^dustry activities. 

The heart o^ this report, consists of analyses of diverse 
telecommunication, issues, along with recommended actions. ' 
These analyses and recommendation^! should be read as a 
contribution to the drafting of an agenda of national 
telecommunication concerns. Such a national agenda wpuid . <v 
presumably serve first as a vehicle for; discussion and ' 
ultimately as a basis for,^action. The. process of writing 
it, moreover, should iie^ ms establish priorities' for this^-:, 
vital field. To be an effectij/e ins t rumen tj^*.]3pwever7 the'''' 
agenda will have to .represent far mpjca-^tljan^ just Government 
thinking; it will, j^ther,* have to*' reflect a common ef^rt 

all the ins«titutions of our. national ^elecommunicat^n 
community.^ • ' , • . - ♦ 

AlthougT:! there is no-question that U. S. telecommunication 
systems as a whole are the most pervasive and reliable \n 
/^ne worldr it is pojssible to discern some barriers that are 
* impeding the long-€6rm. growth of the field* An effort to' ^ 
lower thekfe barriers would surely be a desirable national 
goal. Two jnajjor rteasons support this view: ' " 

o First, the United States is increasingly .erigaging . 
^ ^ in inf^^Srmation-relatpd activities — -to the point * " • 

where productivity gains in many parts of our. 
, services se.ctor may come to depend, on improvefl.^ V * ' 
access to and management oi information. Cleat ly, *^ 
these information activities rely heavj^ly on tele-' 
communications; f urthermore^j^dvance in iijfonaation . 
handling will 'require a s^^^dy infusion of new 
telecommunication technplogy* 

• • y 



second, with present national decisionmaking-*.* 
processes, ,we may not be derivirig. the fullest "-^ 

, •possible benefit from a variety of * attract j?ve 
technological choices. Prime examples of such 
choices are satellites,, , solid state technology, 
lightwave communications, and new regions of tHei' 

- electromagnetic spectrum * for Expanded communica- 
tions use. ' ' • ' 



The long-range importance of telecommunications as well' as 
the ;complexity of the issues may well bring increased 
Government participation^^ in communications affairs. ^ ^So 
£ar some of the results of this, participation have been * 
/ Ifess than encouraging: confict over hew policies, confusyo 
over the question of apf)ropriate Government and industry 
roles, and delay 'in national decisionmaking. 
* * » • " ». 

Such delays on the p^rt of . Government may cause — /or ^be 
causing — simileir delays in the developments of new^. ' 
services or products. ' '^^en such a commercial delay 
occurs — especially when it affects a technology or a 
service that reduces costs — the public, is deprlveU of 
the benefits during the period of the delay /"^he public 
interest, therefore, calls' for corrective actioh^* - 

It is understbpd that any such corrective aption wilT' 
require cooperation among three' parties : Government^ ' 
industry, and users. Government activities must be • r 
evaluated in terms of s*ix of^he roles it, may. play: |)Olicy 
mak^ff, regulator, spectrum manager, user and purchaser,, 
coordinator of laablic sectpr requirements, and supporter 
of key technological development. Industry's role, 
however, is vital: assembling the factors^'of production 
and bringing the , product or service to the marketplace • 
Users, or c^ustomers , have to make known^'what they need. 
In many cases this ife done in cooperation with industry; 
the result^ is "market pull." In other cases, such'^as \th,e 
specifying of^ public sector requirements, much has' to be 
,^dorie ^to'identify user ^o^nm^nication' needs,^ to, corksplidate • 
them, and to. translate tHem jnto system requirements^ 

In setting alpout its' assignment*, the Task Force tried to 
identify those technologies and services holding the most 
promise for future application while, at the same tlm4, 
seeming to' b"^ most inhibited by current barriers. * - 

More Specifically, tjie Task Force asked five questioij^^^ 
about each technology and service it; considered.: Hdw. much 

How significant is technology 
How detrimental to its 



will it benefit the^ public? 
as a barrier to its' growth? 
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.application^would be the effects of 'no aaticSri? Has it 
reached a relatively advanced level of maturation? And) ' 
how appropriate. would, Federal involvement be? ■ ' 

After scr-eening.a long list of 'Icandidates" ac6ording to 
these criteria, the Task Force , deci-ded to" cqncentrate 
«on Jour majoi*^technolo4fes: Direct Satellite Commuhications, 
Land fjobile^adio, Broafend Communications Networks, and • 
Fiber Optic Conununications. , This report accords each a 
separate section. . >i. . . ■ 

. With each technology, the report discusses its. current sta- 
tus, the issues 'affecting its^^rowth, actions designed to ' 

'-m?^^1?^ '^^^^^ issues,, and the impact -of the. proposed 'actions. 
The discussion, IS organized under four general categories as 
follows: ^ needs and the market, system d^e'lopment and per- • 
formance, ^policy and regulation, and»^pectrum management. 

- Those issues and actions we^^&eve to be mcJst urgent and 
feasible are restated in ptff conclusioE^s and recommendations', 
the final chapter of the report. At* the end of that chapter" ■ 
^nd at [the end of this Executive Sunmary ~ will be found a 

^ suggestion relating to the process of fotmulating a national 
draft agenda.. • - ^ - <, . , 



NEEDS AND THE MARKET ^ 



Here we must consider the choices for providing new services 
^nd the relative^cost of -the choices. . An' additional ' con- 
sideration is the services' potential for increasing national 
productivity. 

•The use of satellites f©r the' transmission of public sector • 
services may. hold great promise. This possibility," as well 
as concerji about future U. S. plans for ihe employment of 
this band and others, 'generates, the following recommenda- 
tion: . . . ' • 

o. Government and user organizations should aaaeleraiie 
the proaess"by which the basi^aojnmuniaation needs 
. to 'be met by public 'service s^teVLifes will be 

* defined. They should also deterjnine the most. 

eoonomia way of using 'such satellites and who wvlV,. 
pay for them. • ^ ' \ 



se of the growing pressure qn the radio spectrum to 
de different Services, ^11 of which can claim appre- 



Because 
provi 

ciabJte ec'bn^l^ic' value 



appre- 
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o ^-Spectrkyn adrfPinistratprs should encourage , further 
research on the eaonomig and social -values of 
services tJiat are' provided' through the use of the 
spectrum order to achieve optimum , allocation' of 
'this, resource in ^the light of the assoo-iated nee(^s 
^ and market^, ^ * ^ / ^ 

•With respect to nonentertainirient brdadband communication 
^ervices, we recommend that: . ^ 



O" Industry should^ establish a group ''composed of 
> 'industr'y J '.institutional^ users ^ and providers of 

public sector services to plan and finance U . . 

^ demon's t rat ion desig^ned to reduce the present 

.uncertainties about- market demand for and economic 
viabiVity of aggregated broadband nonentertairiment 
services , ^ 



Fiber optic communications promijses a great deal in. the, . 
v/ay of lowered cost-s and 'expanded, capacity . The challenge 
is \to accelerate its nonmilitary applicatidns ♦ > To do 
this, we should identify those af>plications' fo^: which it 
^ will be most 'competitive . . , 

In addition^ a demonstration of fiber opti6 communibation 
capabilities would do much to increase the market for its 
systems and components; a demonstration of, sufficient size 
would also reduce the. cost of these systems and 'increase ■* 
^ th.eir availability. . 

Diir recommendations are two: 

o ' OTP ^aho,uld estdbl^ish a Fsderal interagency gr^oup 

to^ identify a significant broadband communications 
^ ' n^'edy the satis faction^ of which, will' advance -the 
, solution t(f an important public xservice problem 
^ - (ei^g^^ health p^re delivery). The gx^vup should 

^ then composre a s^tatement vf the necessai^y a'ommunica 
*tion requirerhents as a basis' for a ^ fiber dptic * 
demonstration project^ , ^ ^ 

o ' The Department of Qommerce should establish an 
" actvisory committee -on ^commercial ^implications of 
fi'ber optics, ^' ' • ' / 



'SYSTEM DEVELOPMENT AND PE'RFORMANC^ 



This category focuses* on systems planning And research) .per 
fontiance criteria .and measurement, and standards of " * 
practice and of equipment operation. .The eieijents that 



compose this , category play important roles in determining 
whether new services or equipment .can be provided 
ec6nomically and without ^foreclosing future opportunities 
for l?etter^re$ource use/ , \ • ' * 

Are' additional standard^ or performance* criteria needed 
for smal^l^earth terminal* ^tellite. systerfts in 6rder to 
foster- their early application and to ensure their orderly 
development? This question is, of particular importance. 

The evolution of satellite systems operating' at frequencies 
above 14.5 '0Hz is making x slow progress, part ly^^ due to 
technology limitations. At the same time, , however , demands 
^or orbit/spectrum space below '14. 5 GHs^ are growing 
significantly,. These demands could be eased if the higher 
frequencies could be used as reliably as the* lower 
frequencies.. • ' - - * 

Th^ recommendations are that:. • 

o Industry should take the^ initiative, in cooperation 
. with users and Governmeni, to explore the need fVr 
"-^ criteria and standards for small earth terminals 
• ' satellite systems' operating in the 2,5-, 4, 6, 12, - 

, ' and 14 GHz hands. It should also assess the^^ffect 
of these standards on future technological develop- 
ment, andy^ if appropriate, defime and re<:ommend' 
p^formance criteria o:r standards for FCC adoption. 

* o llASA ""should undertake, in conjunction with vndusiry^ 
'to identify ^the hardware and othf^ reliability 
; barri^rss that limit the use of frequencies above 

^ ^ ' 14.5-' GHz for satellite communicatifons and to ' 

'recomrrtend^ a progrram for lowering these barriers. 

Land mobile/radio' systems are totally dependent ori the 
spetitrum. Already, the Spectrum allocated to these 
systems is being used intensively. Substantial .growth in 
the demand tqx their ^'services is* expected 1 TcT enstire that 
the spectrum will be used in the most efficient way,. it is 
desirable £0- have better quantitative information ' about ,-m 
the performance,* speqtrum utilization^ and capacity of ♦ 
Jand mobile systems. ' • 

In addition, Several Federal agencies supj^ort the develop- 
ment of better land mobile "^and other communications /systems 
for^ use by- pu)Dlic safety services. However, the obgectives 
of Government stipport ^of ten differ,, a situation that can - 
lead 'to ijiefficient employment of the spectrum and - 
insufficient long-range planning. . 

• - . ' 11. ■ 



•To meet t^ese land mobile. -radio issues, i?;e have ,1:hree 
recommendations: . ' * - 

* o yeleaommuniaatyon authorities should fbstea'* 're^.^aroh 
'to develop better criteria for describing and 
measuring land 'mobi-le s^erj^ipe perfprmiznce^ 

o Telecomntunidat^on authvritijes- should foste'r research 
to dex>elop better methods for d&scribing and 
measuring spectrum ^ capacity and utilization foi[% 
^ ^ land mo-bile radio systems. » \ ■ 

o One . Gov,ernment agency shou Id Ve respoftsibtb for 
coordinating Federal support o^f lo-oal Zand moJbiVe 
radio prograrps. This Federal effort should 'support 
loc^l agency attempts to aghieve better spectrum 
use and low.er -costs thrdugh^the/developme-nt ' of n 
" . integrated local communication systems sei^ving - 

s.everal functions or user groups^. ^ .« , • 

I'he* design techniques of current CATV systems may affect 
the* potential growth of broacjba^nd nonentertadnmeilt, services . 
The questfbn is: Are these techniques adequa4:e to provide 
.systems that will 'be capable of handling additioncil^ - 
*nonentertainmei>t services ? .'Thereof ore : ' v. ' 

© ^Industry and us ex* s^^ should^ seek ecpfi-ly-^resolution ^of r 
certain 'problem's of system .pev^formunce as^ocifcted-^ 
* , * with delivery of^ broadband aojnmuni cation services . * 
* Thfse problem areas include: (Ik. 'frequency manage- 

ment ifn broadband sysfiems^ t(2} interface standards, 
or . speci-fications ^ (3) 'security and privaQy^ and 
, '* (4) termi/ial e-quipment c<hdracterist:ics.^ 

' . ' * < ^ • . V. , 

To help fiber optic communications fulfill its promise .,^s ' 
prqmptly as possible, the c^gvelppmejit of appropriate 
standards should begin soon./ It is '•th^ereforS recommended 
that: • ^ ' ^ . . , ■ 

^ o The informal' Optical Communications Tas^k Force 
{initiated by the^ Office of ^Tetec^ommun-i cations 
s'houtd -^entify what specifications (or vofuntary^ 

, ' V - standards) and codes ar^e desirable'^ to ^ ensure rapid, 
\ and orderl^ implementation o f /fiber , op.t^c tech-- 
nology in\the commercial and public sectors* - 



POLICY A'l^D REGULATION • ' 

^oi^gh. current regulations restrict ' the permanent use of" 
- satellite small earth terminals, 'some users wish to 

develQp systems with terminals as sobn as possible. In . 

^® -possible benefits to be derived from these ' 

syste!ms>, our future freedom of choice ought not to be * " 

precliided by premature approval 6f proposals for" systems • ' 
' -positiSnJ . "consume"- available spectrum and orbit • 

* • 

Moreover, it. is Imperative that we better understand and ' 
-describe the resources that Will determine how many'— and 
m what form — satellite services can be provided! 

In view of these doncerns, we recommend that: 

. o,. Sovernment -- through the oTp, FCC, and other 
agencies -- should reexamine its policy and' ^ 
regulations with respect to use of domestic and ' ' 
^ . ~ ■ interna t zonal small earth terminal sate^llite 

systems. In the process, it should intensify ^ 
' for advice from interested par-^i^.s . 

o ^The. FCC and OTP should giv^ priority to obtaining - 
addvt^nal afid more- compr*ehensive descriptions of ■ 
. spectrum/arbit and spectrum/ geography resources 

' the. dependence of these on tedhnical parameters 

- ^of satellite systems.. ' . ■ 

Regulatory, delay is a matfter of widespread concern to the 
telecommunications .community. TO^^retJuce the delays incurred 
by full, hearings, the FCC has from time to time brought 
interested parties together for informal gatherings prior 
to formal p^qeedings-. ' Accordingly,, we recommend that:. 

o Consld^rat)\n should be. given to the desirability- - 
V . feasibility, and legality of making greater use of 

■ open,' informal discussion^ between interested " 
- • ^ parties prior to the start of FCC , formal proceedings, 
/ ■ particul<}rly those that are to consider largely , 

technical matters. ^ .' . 

CATV regulation^ may be a barrier to the" implementation of 
nonentertaiAment broadband seifvices. -Partial deregulation 
Zi ^^r. ^^^V""^^"^' \^ being addressed'by the Domestic' Council , 
the FCC , and Congfess. The Domestic Council regulatory 
-group, however, concluded fehat \%tenough- data were • 
av&i-4able.:^pn tjie effects^' <|eregSlation to support -a ■ 
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decision^ which might influence the. general 'availabili-ty 
of ' nonentertainment services. It is recommended that: 

o Tine Domestic Council forking -Group should arrafige 
/, to obtain necessary research to es'tablish the 

probable consequences of partial deregulation of CAT 

SPECTRUM' MANAGEMENT . " 



In the next three- years two World Administrative Radio 
Conferences (WARC's) dealing with matters germane to this 
report .will be held. Thef first,' in 1977, is primarily 
concerned with satellite broadcastiiig in the 11/12'~gVz 
band. The second, scheduled for 1979', will review the 
Radio Regulations, including the Table of Frequency 
Allocations. These WARC's will establish the pattern of 
worldwide spectrum use for many years to come. Moreover, 
their decisions will affect the rules and regulations of 
the United States, which are based on the international 
agreements.* It^^is therefore important that the tJnited 
States meticulbusly prepare its conference positions in 
Sil areas. < ' 

The evolution oi^ public service satellite systems in the 
2.5 GH^ band is likely to be inhibited by the limited 
variety of services that can be provided in the harrow 
bandwidth available. Expanding the bandwidth would 
increase the numbe;r of services "that might employ it. 
This would distribute the cost of the satellite over a 
greater number of users. - ' " * 

It is recommended that: 

M:S. preparation for V;he 19-79 World Administrative 
Radio Conference should p Vade empharsis on : 

(1) Provision o^ Spectrum space for smalt- 
earth terminal satelT^pte systems. , < 

(2) ^ Optimization, of orbital spacing ojr ^ ^ ' 

satellites 'sharing the same frequencies. 

Imbalance fvf s:pectrum/qg£*bit utilizatibn 
ahove^nd b^low 14.5 GHz. 

J (4) -Need for" gresxter * bandwidth allocations at 
'id ^ \2.S GHz for public servi'ce satellite's. 
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• o. PublzQ servtce satellite users shSuld determine the 
cost advantages that -oould result from increasing 
- the bandwidth availabte to them at 2.5 GHz and^use 
. . the %nformation as- the basis fdr requesting^ the 
, . 'FCC to negotiate -for an increase in the available 

t bandwidth.' . . 

Fpr land mobile services, we recommend that: 

o U. S. preparation for the ^97 9 ^Vorld Administrative 
^/•Vf f^onfer^ence should emphasize the resolution 'of 
differences between the planned use of the 900 MHz 
band by the United States for land mobile system's • 
and the international frequency allocations'^. ■ 
< . 

COMPOSING TL.NATIONAL TELECOMMUNICAXIQNS AGENDA 

As was discussed above, the recommendations of this 'repbrt ' 
should be thought of as a contribution to the composition 
of a national draft agenda. The final agenda, of course, 
must be the product of an extensive dialogue among 
Government, industry, and users. A Question arises: What • 
1^ the best way to begin this process of joint discussion?- 
Possible answers abound: eongr-essional hearings,' industry 
■and profes^iooal ^association workshops, academic seminars, 
and Federal -Executive Branch initiatives. 

^ > ' . , - ; 

.However, air the- best intentions will most -likely be ^ 
rendered .futile if at the outset some agency does not assuiiie 
the responsibility of feceiving and processing the i<ieas and 
proposals -regarding the agenda.. Therefore: 

~o- Th& services of the Office of Telecommunications will 
be available for initial- coordination of reactions 
to thzs re'poi't and. by ext,en%ion, of all suggestions 
■ jpertaxmng' to the ^qrmulation of a national te-lecom- 
mumcatzon draft agefidtT. This tenure wHV last .only 
-untzl a permanent "Keeper &f the Agenda" is -named. 

In coficliision, implementation a| all the Recommendations 
should foster the long-term gr<^th tjf 'telecommUnicatioh , . 

U-'^^^ United States. . This growth will benefit 
not only setvice users but also indtistry, which will 
jJrofit from the' creation of new' markets. . 



1. PURPQ3f^ 



Chapter 1 ■ ' • 

INTRODUCTrON ■ • 



Can the growth of telecommunication services be appreciabl-y 
enhanced by detecting and lowering the barri:ers .currently • 
impeding a robust demand and /an innovative .'supply? ' 

Stated in its simplest terms, the; purpose of this- report is 
to explore that qu^tion. -« ' . ^"^"-^ "-^ , 

However, the scope of telecommunications is so great, the 
kinds of barriers so varied^ and the int§re%:^fed parties so . 
numerous that we must immediately ref ifii' this'' aeneral 
purpose by formulating more precise SbjIctivSs! nSS^Ily: " 

o To ideni^ify actions that will pave, tire way fpr • . ~ 
the application of a few partibulafly promising " " 
- technologies to the be^ie.fit of- users of tele- 
communications. . ^ ' ' ■ 

o To suggest any such actions as a basis for Government 
program development, for industry initiatives, and " 
_ far 3oin1; Government and industry activities —"in 
short, to begin to 'compose a truly natibnal • 
telecommunications agenda." >\ ■ 

% the one hand, it should be easy enough to apcept 1»he ' ' ' ; 
aesirability of achieving a wider range of . services amd- of 
pressing for their greater availability to the general 
P^°t^?% There is no lack of testimony from prominent public 
o£f 3,cials about the central importance of these services to 
the public interest. Typical ahd^ as .relevant now a? in" " 
iy51 IS the comment of President Harry S. Truman: • . , 

Communications services represent a vital resource in oGr modern^, • 
society. They make ^)ossible the* smooth functioning /of our comple:^ • 
economy. They can assist in promoting internati^mal understand^ ' 
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and gooci^wili^ they constitute an important requirement for our » 
national' security*; There, is, adc6rdingly, a major public interests 
'in assuring the adequacy and efficiency of these services. 1/ 

On the'Othe^r hand^ it mu^t be acknowledged that, to the 
■ great credit" of American industry, existing telecommunica- * * 
' tioi^s , services are in good order. Our telephone syste% is 
aireMy the mqst pervasive and reliable in the world • 
Television reaches fully 97 percent of American .homes. And, 
more to the poipt,.ii9 great^ crisis is in sight. 



REASONS TO MOVE 
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Why, then, in view of this impressive record of telecommuni- 
catijon achievement; is any Special effort neede^? At least 
two reasons bear examination. ^ ^* 

'First, this country is increasingly engaging in information- 
'related activities. Recent ' studies show that today .one 

. worker in two is occupied with the production of goods and 
services that relate to €he generation, 'processing, and dis- 
semination o'f i^forma^tion. As this trend continues, pro- 
ductivity gains in many parts of the services sector of the 
economy such as retailing^ shipping, ^banking, education', ^ 
health management, and Government itself — will depend on 

/improved access to and , management , and exchange of information. 

Crucial to our discus^sion here are two closely related 
realitie^s: " . ' . . , 

D The progress of the "information sector" even now 
y 'relies heavily on telecommunication facilities.* 

o If in the future that sector is to continue its 
advance,' it will require a steS&y infusion o£ new 
telecommunication technology . • ' , , ' 

Second; with present national decisionlnaking processed, we. 

may r\gt be deriving the fullest possible' benefit from a 

variety of technological choices. The follpwihg ^re examples 

of such choices: " - • 



1/ Telecommonicationgt A Program for Progress — A Report by the 
I^resident^s Coiomunications Policy Bocird , United ^fates Government 
* Printing Office,^<March 1951, p. 1. • 



o Satellites, which offer advantages in^cost over 
/ terrestrial facilities whenever long di&tances\ 
^ extended, networks, wide bandwidths, ox a combina- 
tion of these are involved. 

^ • - • , * . ■ ' 

° Solid state technology , which, by virtue df its low' 
energy consumption and. high degree of miriiaturiza- " . 
tioA,- makes feasible tke addition of me;nory, logic, ^ 
switching* hnd computation power t6-millions of " * 
remote communications terminals , (See appendix F'. ) 

° Lightwave communications . which offers an abundance' 
of capacity and\^a manyfold reduction" -in cable size. 

New regio ns of ipectrum use , which offer som6 relief/ 
, to presently congested services. ' // 

These sophisticated technologies assume an added signifi- / i 
cance when their development is placed "in the context. of a 
rapidly-expariding international marketplace. - Arthur D. ' 
Little, Inc., has predicted an annual world telecommunication 
equipment market totalling $40 to $80 billion by 1980, up 
from a $15 billion market in 1975. American inventive ' 
genius deserves to participate to the fullest extent in/ the 
• markets it helped* to created*, ■ 

As thi^s technological advance Ji^S^e^Cbutaking place, Govern- 
ment has been greatly increasing its plirticipation in/ com- 
munication issues.:: Soige of the results have been lesfe than v 
What- might be hoped for: we refer to Conflict over n2w 
policies, confusion over the questi<jh' of appropriate/ Government 
§nd industry rol^, and delay in national decisionmAiS&^. « 

• ' ~ / . 

One might contend, that, given the nature of the sit±iatil?n' 
and the pace of the chaage, this conflict, confusion,. anS^-"- 
delay were_ihievi table. But this line. 6^ reasoning/ only 
highlights tffe wisdom of actively trying to improve the ' 
• situation. . . ' 



\ 



ONE "WAY TO 



laPJiOVE THE P:pCTURE: A DRAFT AGe'^DA ', L ' k > 



How, then, might we as a jiatioi^ go about systernktically' 
achieving this improvement? The central task. Jit' seems to 
us, is to compose a broad "draft agenda" for tilecoramuni- 
, cations. , The agenda would "represent a- listing/ of the im- 
portant^^ issues of the day, together with a selection of 
alternative «acti6ns.' It could be employed i^ediately as 
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a vehicle for discussion and ultimately as a basis for 
action. ' Any 'such action, to be effective, would have to 
reflect a joint effort by all segments of the national 
telecommunication- community. ^ 

In the end, the scope of a national draft agenda may be as 
bifoad as the field of telecommunications itself. But it is 
possible to specify some of the topics that the agenda will 
have to consider. For example, three general subjects that 
no agenda should ignore are : ' * - . 

o Numerous problems demand our attention, 

o » Interacftion between Government and industry is » 
necessary if growth is to be achieved in some 
areas. . - ' 

o There is a division of responsibility in 
Government's own ranks, * 

.What follows are fuller — albeit: admittedly brief — dis-- 
cussions of these three points, ^ ' 

■ ^ Fading Problema 

Current problem areas include the following: crowding of. 
the electromagnetic spectrum in current la.nd mobile, ter~ 
^^trial microwave, and communication sate^lli'te bands; 
increased competitiveness of foreign industry; len^'theain.g 
of the time needed to' get through the regulatory 'process in' 
spite of thfe<best efforts of regulatory authorities; lag' in . 
technology transfer-; ancj difficulty in achieving cooperation 
between Government and industry When the demonstration of 
combined public, and private sector services is invo-lved. 

All i<Tf these problem areas will be discussed in 4etail ^Ti . 
the body of this report. ' 

It might be worth noting that if, given ecd'nomic demand, the 
appearance of a cheaper item of equipment or an^ inhovative 
service is needlessly delayed, by any of these problems, then 
its benefits a,re denied to the public for that period* The 
public interest, therefore, /calls £02: corrective action. 



' . Government' and Iridustry. '^'heir .In^^^rc^^-inn 

S^^^^f succeeds in I^^'ering a barri^- sav rbv " 

remoSfia-.';^ the pjracticability of a new serv^S^^ot bf '^"^ ' 
. rem9ving a regulatory restraint this will not in a^ of 

it;self automatically produce growth. * For economic 
' Si-?r^ ^^^^.^"PPly or demand increaseJ?^?i|^o^Jh 

■ ^irkef ?:?cel- IhTH ^ow^red. barrier dn turA ISmSates 

. raoS^a'te'^'cSstomeJi i^burmo^L"'^'"^'^ ' 

Although market identification and stimulation are in large 
.part the concern of industry. Government can occasionally 
take part. ' Government might, for example, provide , a thresh- 

'toVttl^^'' '^'^ ^^^^^y allowing manufacturers 

to attain economies of scale. ' 

These considerations illustrate that actions taken to 
enhance growth in communications often involve both Govern- 
ment and industry. V3vjvej.n 

2°^ the only justification for close ^interaction 
between the two sectors. Another Would -be industry's own 
conspicuous role in the research and development "of new 
telecommunication technology. ' " / * 

in tru^ih, such Government and industry interaction would not' 
represent anything all -that op^el,. It would, xather. be an ' 
extension of the long-standi^ close' relationship bd!^ween . 
tne two, m telecommunications. ' v.— ' 

However, no concensus exists on precise Government and • 
industry roles in attacking these issues. A case in point: 
It Is still unclear whether Government needs to be involved- ^ 
in 4:.he res'eafch and development of, satellite technology to - 
be dmpioyed m nonmilitary applications.. But Government 
involvement is appropriate in certain-other situations. As 
an example, joint Government and industry activity may be in 
order in demonstrating the use of various two-way, inter- 
active, broadband services, that li^in both the commercial 
and the public service sectors. ,■ . 

Also, We must^eep in mind the implications o£ the signifi- 
cant/interaction that takes place ^6ng thd Government's 
several telecommunication roles: policymaker, regulator, 
spectrum manager, user, coordinator, and supporter of 
development,. with this interaction, 'aqi/ivity - • " 
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in any one area may have serious impact: bn the others as 4 ^ 
Well as on nongovernmental institutions.. If €fie^activity is 
undef-taken to accelera^te an application in the. name <of some'L, 
.overriding public interest, there is. all the njore reason for 
talcing pains to elicit industry's views abput the probable 
consequences of a Governitient action. 

Within the Government -itself ^ 



Fa^al-ly, as was brought out by the ihearings of the House 
Subcoiranittee'on Coinmuriications in auly^ 197?, there is " 
, within t^ Federal Government a dia)ersa.l' of responsibility 
in policjj |research and formulation/ This situation argues 
stiir more forcibly for the dey^lc^ment of a national tele- 
commuriicatli'Orf agenda. ^ ' . ^ • . • \' 

j ' k , 



THIS REpaF^Z AND T^B DRAFT AGENDA 



Already tl^e Congress and Government ^agencies are pre- >\ • 
paring items that would quite lik;ply appear on a riationaP- 
draft agenda. ^ For example, the 94th Cdng;r§ss annouiy:ed thafe^, 
'the next Congress will addr^ess two principal issues -in , ^ 
communications tj^ monopoly ahd competition/ and updating th^^l 
Communications Act*^af 1934.- Additionally, spectr,um^managelnen«' 
issued will be tr-e^ted in a comprehensive way at three WARCfi^ 
scheduled within "the next th5:^^e. y^ars. Government agene40s 
are working togethet wfth' industry groups to define the 
issues anc^ to draw up pur national" positions^^oiT them. ^ 



This Task "Force Report iLs- a further ^tt^apt to put some 
items on just such a natipnal draft agenaa, Its writing 
invo,lved a number , of sjifsps. Above allV'it Was^jjecessary to 
slim down to manageable sizQ the number of^telecCT^ 
servlges to be "considered. Simulta35ieous;[ry with «I*s c^e a 
sharp[|nirig df focus on the technologiesMihat -would prov;ide 
the services. 

Ho accomplisji this "whittling down/* a^-xgvjLew vms made -of 
^the 'status' of many services, ranoi^ig f3^)Dm electronic .funds^ 
transfer to the ^aul^^ted of fice^ Part of the re^^ew T "^^y 
involved ^timatingiP^tehtial ^enefits of a parti^u^ar ser- 
vice" In -areas /such as cost savings/, innovative ^servic5,esv' and 
the'exteht of additiojiaj. coft^rdbution to oqr Gross National 
Product* .The review futther .entailed identifying unresolved 
issues that constitute 'barriers blbcking the/f ulj. realiza- 
tion of e^ch service. 



Most xmpoi*ant'ly, *th.fe review <:oncluded witji, iirst, a listing 
o^ the actions that Inight- Iqwer or. remq^je th^ barriers an^^ 
then, with an identi^icatioji of who, among , the m^y partfbi- 
> pants in Donmiunicatibn affairs, miahiz do what/ . */ 



This itemization pf. actions — which^ includes evaluation of 
pjfbbable impac^*;-- Withf respect tQ,a seleqt' few of .out most . 
significant setvices aticTthe technologies , to provide/them, ' 
afepreserits our contribution to a "c^raf l^age^da. " ^ / / 

'Finally, we emphasiJie that the ^>t!irpose of this repeirt is not 
to define a national program or, for, that'iriatt^, a 
program for any orie Government agency^. . To the <^ntrary, its • 
bbj^cti^ve is to stimulate joint- discussion amoij^bOl relevant 
institutions in >G6vernment and industry; 'Our hopeTs that 
out of ,this discussion will emerge, a final national teler - 
cohimunication agenda that will JeTad to. fruitful and agreed 
at^le action. / ^ < n ' / " - ^ . 



But with« this call to aqtion, questions- .alrise: How best can' 
these joint' discussions actually be made to happeiv"^ What 
might be t;he next* step? Here' ajre som^ sud^gstionsi* • " 

o *'The relevant Congressional ^comntt^ttees' mxg^^ hol^ 

Clearings on certaxri issues of national scope; 
V -examples might be, the public ^^rvice uses ofe,. 

satellites or caiyle sei5vices. in. rural /areas. Such 
hearings serve ,as an ideal fqirum for /the voicing 
of a variety o^E opiiiions and guarantee a truly 
national audience.' . ' ' r ' . -/ . 

o Industry and professional associations ^hose ^inter- 
ests embrace telecommunications ri)xgTit schedule * 
topical workshops with represent^^tives of^ Government 
• and users in attendance. / - 

o Academic institutions migfit take 'the '^f Irst !step, ^ / 
pos;5ibly by sponsoring semii^^S" oh: tlie to^ic of y 
y/Che national draft agenda. <^Lhave in mi^d primarily 
/ several graduate schools^ spe6iaTi:^i;ig in ' tbe ^ / 
^ . study of telecommunication management afid, policy. 

o /And of course the Executive Branch of 'the Federal >^ 
/Government could take ^ the resppnsibi^ity . OTP. and 
^CC suggest themselves as prime candidates*J;or the ' 
-^role of initiators, thanks to their centifal policy- 
making function.- Ah<j[^ a(s .the prosperity of the 
U. S . business community is so obviously ' involved 
in the 'success of ^ a draft ag^da, tjhe^ Deparrnient of 
Commerce' might start things moving ♦ ^ • ? . " " 



A. less attractive choice would ^e the f ormdtiou of 
yet another Government committee — or, still worse, 
other committees — to ponder the matter. We hope 
that, in the end, it does not come down to this. . 

It should be clear; »then, that anything reasonable ,can be 
done. But nothing at all will occur without the endorsement 
of all those who would b^ 4-nvolved --^ Government, industry, 
and lasers. If these grdups Wish to express. this endorsement, 
they must Wkg themselves heard . And the more specific the 
recommendations, the better, It^may be that each segment of 
^ the whole of telecommunications, wilL have to be taken up in 
turn; this poses tio special difficulty, so' long as at the 
end^the Nation does indeed possess a comprehensive agenda to 
which it can refer, and which results in action* 

But 'if there is to be action, there must.be a definite point 
of departure* The "good offices" of the Office of . T^ie- : 
communications are available to Serve as a focal point for 
reactions to this repor^. We have acpordingly included a 
'.suggestion, to this effect in the report,^/ Our expectation is 
^that,^ if the suggestiorf is acceptable, cff will stimulate 
irjitial meetings along the lines suggested by the' reaction. 
OT would probably service this function until an official 
"Keeper of the Agenda" is decided upon. ' / 



\ 



2, Government and Indu<^try Rm P.g ^ ' ' ' ' / ^ 

Any effort to -identify barriers to conrniuniTcatiofi growth, to 
isolate the issues that are associated with those barrier^, 
- and to suggest action to ameliorate them ought also to 
. contain a point' of A;'iew about the appropriate rQj.e5 of 
Government and industry in communications. This section 
expresses that point of view. It will be helpful in st^lcing 
out the limits of Government responsibility ajid in judging 
whether a given action -falls in the*" Government sphere, the 
'industry sphere, or some ^tegion of o^^erlap/ 

Before turning to. specif ics, we can say*^ in a' very general 
senge that complementary actions by the Executive Branch and 
industry are needed to support. the national and the public * 
. interest. Gov^nment and industry should avoid policies 
which put them'^in adversary roles wnich compromise those 
interests. * . . ' 



-''GOVERNMENT ROLES *, * 

f 

* In telecommunications, as in all other fields, the Govern- 
«ment's overall function is to provide for the national and 
public interest. To carry oiit this complex responsibility. 
Government must assume a number of subsidiary roles, among 
them the six on which we shall concentrate our attention: 

o Policymaker. i ♦ • 

o Regulator. 

o Spectrum manager. ^ 

: ^ 6 User and purchaser. . - ' 

• o Coordinator of public sector requirements., 

o SupplDrter of .key technological developments. 
These six roles .are considered, below.' 



' ' ^ ' - Poll cymaker 

For underst4ndcible reasons, framing national goals arid 
priorities for anV field is far from easy. But it seems to 
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be singularly difficult to discern, and to agree upon National 
needs in telecommunications.^ Perhaps the 'very pervasiveness 
of telecommunications 'is at faul-t. Because it is ubiquitous, 
p^adoxically, it remains inconspicuous... Also, for dec^cfe^, 
"telecommunications" for most 'Americans, meant just the, ' . 
telephone and telegraph systems, th;^ affairs of which were ^ 
ably handled by the regulated coftmic^jrv^arriers without re- ^ 
course to continual national -policy development. . 1 

Although thej-e have been relatively few fo:i:^nal policy 
statements in telecommunications , there are some legislative 
and executive signposts 'to mark iihe Government's goalst^'thV 
Communications .Act of 1934, th^ Communications Satellite Act - 
of 1^62, the Public Broadcasting Act of 1967, the Public' 
Broadcasting Financing Act of 1970, *and^ the various Execu- 
tive Orders delegating Pres.idential authprity vested by the 
communications Act. Other ^actions — suc|i as the Federal 
communications Commission's "Carterfone" decision also ' 
represent important,^ albeit de facto, policy statements. 

Nevertheless, our national telecommunication policy <remains 
imperfe-ctly crystallized-. Some cojitend that it is made"^ too 
slowly' and is insufficiently responsive to public needs. 
ret, -others criticize our m^jor regulatory agency,'' whicly is 
perhaps trying to* fill this void, for usurping Congressional 
prerogatives. - 



Regulator ' • ^ " " 

♦ • , ^ ' * - 

The regulatory function is i^ntended to ensure, that the ■ 
industry is perforjning in accordance^ with national policy^.'' ' 
Government regulation, is today a central characteristic of 
the telecommunication industry. The amount of, trade,, the 
^degree of corft^etition allowed/ and the rate at. which the 
industry can apply new technology ' all depepd upon' regulatory 
action.* The extent of the dependence, of course, varies ' 
from sector to sector; in some, even industry structure and 
revenues ' are . regulated . , ^ ' • • • 

The regulatory apparatus functions to oversee: 

o " Profits and rate-leases of so-called "natural" . 
, monopoly common carriers. ^ ' - 

o Licensing and use of the "airwaves", 

. o Adjudication of conflicts among private 
interests. 
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■ In acldition, 'th6 regul%tory apparatus has iJound, it necessary 

to/ . . • ' ,' - • , : 

o Establish technical standards.^ " 

It' has^ done thi's 'by promulgating -some mandatory standards 

and by encoi^raging the private (operating) sector to develofi " 

voluntary standards of fts /own: . • • ' . • * 

^ > . - . . ' ' V'. ^ • ^ ' ' ' ' * ' ' . / 

We teiecQimnunication industry,, as well a^ otheV industries, . 
i5 affectecj .by many general regulatory-, requirements' such, as )^ ' 
those imposed by the* Depaa^tment of the Treasury, - -Equal 
/ Ehipl'oymen;t Opportunity CommicsiQn, 'Qccup.atioi>al Safety and 
Q Health 'Administration ,u Environmental Protection Agendy; and ' 
i' F-ederal Energy Administration. Regulation specific tb 
telecoitununications" 4-s perfontled ^y independent regulatory 
. c6mmissions. At thB^ Federal level this is done by the 
federal Communications Commission .(FCC). The - strength of ^ 
Commission regulation is its inclusion of complex social and 
po;Litic£(l issues that are difficHlt to resolve in other* 
ways**. An indispensible feature of the process is its ability 
to serve as a control mechanism that substitutes fpr*"compe^^ 
tition where- competitiop dpes jiot and. cannot* work. 

An example of interaction between pftlicy and regulation i^ ■ . 
President Ford's recently formed Domestic -Council Reyaew 
Group for Regulatory Reform. " The Presidept' asked 'the Cdm-v , 
missioners of all the independent regulatdry commissions to , 
concentrate on four areas: bett;er representation #bf ^cpn- 
siamer interests, elimination of outdated regulation, reduo- 
tit)n of regulatory delays^ and' better analysis of'^economiQ 
costs and benefits of regulatory actions. In addition, th^ 
Administraticjn has sought to- restore partial competition ^ ^ 
within the regulated sectors of tile ' Economy • : Of these 
topics, the reducti9n of regulatory delays and the rfestora-- ' 
tion of competition' would lower some' bar rier s td communica-. 
tions growth. -^^^ • k ^ . - 

> » ''^ ' \ 

" ' ^ t: ^ Spectrum Manager • * , , 

Much of our Ibng-: and short-distance commijnications travel^ 
on <:adio waves ^ using a liijiited natuifal resource — the 
electromagnetic spectrum. . It falls to< Gbvemment to manage ^ 
this resource in tbe nationa^L and public interest because, 
without orderly use 'by all it v^ill be denifed to all. 

, Unlpi.ke other natural resources,- the spectrum' is not consiimed 
by use althoug'h .use by one may at that moment prevent use 
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by Others. And spectrum use is free. Thus the^individual 
user .gains nothing by conserving it and, in fact, may\ha*ve 
to pay^more for conservation, "Conserving" is employed ^ heS'e 
in-^the sense of avoiding waste, not in the sense o£ fore- 
going productive, use. As examples of waste one can cit6 the 
' use of unnecessarily wide antenna beams in point-to-point 
services or the use of signa^Jking methods that are unneces- 
sarily susceptible 'to interf eb&nce, but which .are required 
by regulation. ^ . • . 

Over the past couple' of decades, owing to the application of 
new technology, we have witnessed a dramatic intensification 
of spectrum use. The number -of individual land 'mobile " 
channels in a given band has increased by a £.a,ci:oxilof four, 
or five. And microwave c^hannels that carrie.ct 2, 400 voice 
signals inl950_riQW--Gan carry over 6 times that ^m^ny in the 
same bandwiH^HT'^ But we should not confuse intensive 
use with efficient use. Intensive use O^f th^-'speajtrum , 
results in increasing the 'amouTnt of .comigunicil^ion v^ich can 
be achieved by individual use of radio channels. Efficient 
u^e results in increasing the total amount^ o^ communication 
by multiple users of the same chinnel''^n conditions 57here 
mutual interference between th^se user^ can occur. The 
distiiTction ^6comes critical ^for the ^ectrum manager who 
has to maximze. the numbe"t of independent users',- Such 
maximizatr^ ds important in both land mobile radio and in 
services siK)j"e;^t tOy^olicies' that enjpourag^e increased compe- 
tition. —J.^ j\ ^ * « 

The foundation of Federal Government regulation of telecom- 
munications — the Communicati^Dns^ Act of 1934 — does not 
* explicitly consider wise and ^ir management of the radip 
spectrum or of the geostationary orbit, (The latter became 
^ matter of concern with the advent o£ satellite communi- • 
cations'.) However, this function, is clearly essential to 
the public convenience, interest, or necessity'. ' 

User and- Purcha&er 

The Federal Gpvernment is the biggest single user. of tele- 
communication equipment and services in the United States; ' 
at last estimate, its telecommunication inventory totaled- 
$50 billion. Use, of course, implies procurement; and the ' 
Government's annual bill for these purchases is about $10 
billion. Naturally^ all this accords the Government enor- 
mous , potential marketplade leverage. This leverag^ifiight 
be used to advance the state of the art anql to reduce costs, 
furthermore, its use. might result in the development of 
standards*, 'eiven if these standards turn out to be of the de 
facto variety. " . 
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b « Coordinator of Public. Sector Re quirements , 
<0 ' . ! , 

4 By its nature, government at all levels constitutes what is 
called. the "public §ector" ~ that is, those activities that 
^xpend tax dollars. It is only logical, /then, that when^ 
institutions that compose this sector- — public, health, 
public safety, and education are examples ~ need to enter 
the technology market with Federal ^ funds, the Government 
might aggregate needs, pull together similar.. prograks', and 
lend some unity to their requirements. 

Also, many public sector agencies cannot call upoh their own 
staffs for the technical expertise necessary to judge or 
define their telecommunication need. Federal agencies, . 
therefore, that do possess such specialized knowledge, could 
clearly provide invaluable help to them. This represents 
yet another facet of the coordinating rgle. 

m 

Supporter of Key Technological Developments 
« 

The Government • — . cjue tb its central marketplace positit)n ' 
^nd^ its need for the most sophisticated of equipment — will 
sometimes take steps to insure that the development of a key 
item of technology will be hurried ,elong' when the market is 
not providing it. One technology that. was a direct bene-L/( 
ficiary of Government interest was the satellite, the ^ ' ' 
evolution of which was immeasurably hastened by space and 
s , defense funding. Another example of this role is funding of 
^ basit'research^by the National Science Foundation. 



INDUSTRY' S PERVASIVE ROLE 

Al# discussion about Governmental activity, in telecommuni- 
cations loses much pf its meaning if rt>J.acks a f'ecognition 
of the prominence of industry and the fundamental role of 
the marketplace which drives most development. Indeed, no 
matter which wa^y the observer ti^rns -t~ towards civilian 
research and development, product development, market id^ti- 
fication, pursuit of overseas trade — privat^^indus try's 
contribution iS; the major one^ It is industry's role toV 
assemble the factors of production and to bring the product 
to market.'' * . * • • 
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LOWERING BARRIERS FOR NEW APPLICATIONS 

./ . 

In the real world, the complexity *of tlje^nteraction among 
the various goverrimental and industr^^^ telecommunication 
roles that we have ^ust pigeonholed^o- neatly is well illus- 
trated by the problems that may ffccompany' the lowering of 
barriers to the application of h new technology., - . 

There mayji'in fact, be many ways by which .-ibhe path of a 
promising application to the marketplace can b'e- cleared, 

- : V /ut. - 

Industry Initiative 

'If the purpose of an application is clear and useful and' the 
' market for it exists, there is no problem. Industry — M^n 
.'Its own — will feel the- "pull" of the market and respond 
with appropriate vigor, * . ^ . ' 

There are instances where the., market is of Secondary impor- 
tance. 'This may be the>,case, in a^sesvice irLflustiry which'^has 
an imperative economic need to increase its/ptoductivity 
' through application of technologies that reduce operating 
costs. Development of . electronic switching equipment in the 
telephone industry is one example. 



Government Involvement 



Other .situations involve Government action. 'Sometimes a 
market demand will arise but the "established" industry? will 
not react with sufficient zeal, possibly &ecause the incentives 
do not truly exist or 'because the available solutions, or 
products are inadequate. The easy connection of computer 
terminals to telecommunication lines,, before the interconnec- 
tion issue .was set\tled, was such a c^se. Some commentators — ^ 
insist that an application , lag is becoming all too common-* / 
place in telecdmmanications nowadays. The following quota- 
tion represents a forceful' — * perhaps tbo forceful — eX"«^ 
pression of this opinion: , ' ' ^ * . 

Holding back the tide of technological advancement is 
virtually impossible^ as Bell ^ Laboratories, demonstrates 
year after year with its myriad patents. 



Holding back- the useful applid^tipn. of nejv/ technology/ 
however, is something 61se., AT&T has demonstrated ijbs ' 
ability to do this many times rbef ore. the, FCC' In a sense, 
the company has brought competition upon itself. And at the 
Federal level, at least, AT&T cannot legislate that away. !/• 

Although the quotation, is certainly relevant to this point 
m general, we believe that this , particular statement is ' 
overly ^critical of the telephone industry. It can be coun- 
tered by remembering oi>e fact of economic life: the QO>^:, of 
telephpne and similar "established" services, is in, part 
detetminea by the .ra^te at which the massive existing;* plant 
is replaced and extended. If new services were allowed to 
force either hasty plant replacement or. dr.amatic addition of 
a new plant/ then the co&t to the consumer would increase. 

Nonetheless, even after giving the established carriers the 
substantial 'credit due to them, there have been instances in 
recent memory whe;i they have iiot met new Market need-s as 
perceived by some. Predictably, entrepreneurs prppQ'sing to 
provide the new and innovative services have- appeared Jr' - ^ 
Telenet and Microwave Communit:ations Inc. (MCI) spring* to 
mind.- ' " . ^ 

Whenever^such a situation occurs, the challengers quj-ckly 
find themselves' squared off against their older competitors 
in ways tHat inevi^tably demand that Governmen't -r acting 
through its regulatory agencies and the courts assume the 
task of moderator between the' competing forties . 

.Another situation calls for Government intervention. On 
occasion; concern for; the n.ational or public interest re- 
quires Government to take' aictions iti the absence of market 
force'^'or even in 9f)positioh to existing \market forces. As 
well krioWn illustrations outside the fie^d of telecoiranuni-- 
cations, we point to research oh alternative energy sources, 
actions to, protect the natural environment, and regulation 
of highway safety. - ^ 



Limitations on Government Action 



When Government contemplates intervening in a forceful 
manner, it f aces . a problem of*ecoriomic philosophy: 
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rec5nciling this Government action with our cgmmitihent to 
-the (Dpdtation of a mixed markef. (A "mixed" market is a , 
generally free market modified by 'sy^me tegulation* ) Thfe 
theory of the mixed market dictates that' in most cases the 
development of technology and applications should be left to 
private firms^ Government must weigh this option whenever 
considerations of national need impel it toward guiding ox 
initiating selected applications. N^i*- 

The^dif ference between the telecommunicatior^ problem and t^he 
examples of. firm Government intervention cited above' — 
alternative energy researc^h, environmental protection, ar^d 
highway safety is that actions in the latter areas are in 
accordance with 'clearly articulated- legislation that estab- 
lished national policy. In the telecommunication field no , 
such clear legislative policy statements" exist. Thus, 
actions by Government to direct telecommunication develop- 
ment in the national or public interest may meet substantial 
resistance if not mandated by-specific legislation. 
« ♦ 

If, nevertheless, Government concludes that it c^n appropri- 
ately take action along these lines, then its activity may - 
well draw from any or all the roles discussed above, namely: 
<fc ^ ^ ' - . ♦ 

As policymaker . Government would construct the 
^larger framework of law apd policy within which the- 
application takes' shape. ^ ^ " ^ \ 

As regulator . Government would, resolve whatever 
conflicts , arise from the relationship' of" the appli-. 
cation to other serviced and establish performance'^ 
standards for it. ' 

As spectrum manager . Government would assure. that, if * 
•need be, sufficient spectrum is -allocated to new 
applicants and that their frequency assignments are 
-compatible with those of "neighboring" services. 

As user and purchaser, Government might provide ttie' 
initial market demand for the apg>lication/ ' thereby 
stimulating its general availability. ' ' ' ^ 

As coordinattor of public sector requirements . 
Government might canvass the pertinentT)ublic" insti- 
tutions* to determine their needs and their interest as 
well as the possibilitijes for their cooperatibu in - . 
demonstration programs\' ' * « 




Finally, as supporter of key technological developments . 
Government might subsidize demohstration .programs 
or finance additional resBcweeh. ' * 

^ • ♦ 

In the chapters that follow, addressing particular tech- 
nologies/ tlie reader will discern ekamples of such actions. 

' AND iif CONCLUSION ' ' ,' " 

' ' ' *' 

' Anyone. who possesses even a* rudimentary gras|) of the realities 
o^^ the American telecommunication marketplace will under- 
stand that the Federal Government is s^urely not going to 
adopt an aggressive stance in' 9:11 the ar^as allowed.it on 
all the* issues tha€ are placed before it. Private industry 
is ready, williiltf, and able' to handle most^^of the problems 
' presented by telecommunications* billowing technology. But, \ 
V in spite'^of this*, it is equally true that on some issues. 
Government, in one way' or atiother^ must have some voice. We 
believe that the ^ever»l roles stated at the beginning of 
, this chapter and summarized, immediately above, taH^r together ,: 
constitute. the irreducible base on ^which Government's interest 
^ > in telecommunication rest^. ^ ' ' . 



3.' Organizatio n of the Repqrt > ^ V / 

Chapter 2 deals with the tecl)laical areas chosen ^or cbnsiaeSr- 
ation* ^ The basis for final selection of thes'^ , technical ' . 
areas is discussed in' Section 2.1. The remaining sections 
deal with each subject area in turi^^. For each technical 
subject, the discussion addres'ses its ^current status, the 
issues affecting its growth, actions designed to address 
sortie of the issues, and the impact *of the proposed actions. 
It wi;|.l be recognized by the, reader, that the discussion , of' 
issues and actions can be put into four very general 
categories: ' v ^ ^ 

o .Needs andL the market* 

o System developm^t-.and pei:formanc^ 

o 'Policy aijd regulation. a ^ 

o Spectrum management.' ' ' 

Chapter 3, Conclusions and^ Recommendations, collects the 
principal issues ideatified in Chapter 2 and the actions 
proposed for Gov^nment, industry, and user groups for 
resolutiOj^ of the issues.'. These recommendations are organ- 
ized^ under the general categories ' jilst mentioned. 

Appendix A summarizes 'external ^reactions to the. draft version 
of the ;report ,and the resolution of these views. Appfendix B 
summarizes data obtained during the visits to industry on 
international trade problems as seen* by ' industry . Appendix 
C provides further technical detail about worldwide activities 
in direct satellite communicatj-oris. Appendix .D reproduces 
tables ^that list 'possible 'broadband communications ^ network 

•services. A^endix E gi^^rjes* additional technical detail on ^ 
the worldwide status^^^/^Jx fiber optic communications: Appen- 
dix F deals with redent developments In *semiconductor 
devices technplo'gy Appendix G lists the companies' and 
organizations interviewed during the 'initial activity of *the 

/Task Force. Finally, appendix '^H explains the abbreviations 
and acronyms .used in the report. 



1. Choice qf TECHNQunfiTF<^ 

CRITERIA ' ' V- 



Chapter 2 
SELECTED TECHNOLOGIES' 



t 



Prom Its inception., tjie Task Force membership found* no 
shortage of can^Iidate topics. Based. on the dozens of com- 
panies th.at advised .the Task Fore? in mid-1975 —-more than 
i^J^fy^e^s ^ith industry across the "United States jduring 
that 'fall r- and the members' o^n perceptions, the list -of' 
candidate topics grew rapidly. i/ , 7 ^ 



Many of the early discussions centered .on export and domestic 
sales potential or on trade problems, factors which were 
subsequently removed, as . prominent considera-tions. 1/ in 
tinje, suitable seledtion criteria were developed. .These 
resulted in the choice of Direct Satellite Communications, 
Land Mobile Radio, Broadband Communi6ations Networks, and. 
Fiber Optic Communications »as key technologies most worthy • 
•of national'^focus. / •' - . • 

The criteria used for the selection process, were: 
•>''•' ' - ^ 

°- Potential for Public Benefit — There had to be - 

'C^leat indications that> with lowere4 barriers , Si^ ' ' 
significant public benef it6 would be realizable ih' 
terms tjf economic gains, improvement in, the quality 
of life, and' conservation of scarce national -resources, 

°- Significance of Technology as a Barrier to Progress ~ 
The primary barriers had to include technological 
factors believed to be significantly .r"e1n|diable. 

° Con.seq^ences of Business-as-Usual- ~ There had t6 be 
evidence that the projected normal course of events 
would- not enable full- application of the .technology. 



1/ ' See appendix F for a brief discussion on solid state device technology, 

* * ' ■ • ' ' \ ' ' ■ 

2/ See appendices A and^. ' ' ^ ' ' ^ 



Or alternatively, there had to be a^n. appreciable 
contrast in projected results between taking no ^ 
action and making an effort to surtnount 'barriers • 

p Timeliness — The state of development of the, tetiKnoibgy 
^ * an4 public demand had to be sufficiently manure to 
warrant attention. • ' 

o Appropriateness of Federal Involvetnen-b — There had ' 
to be good positive reason for Federal ihvolveitient^ 
^ ' ; Vvas it affects public interest, the usfe o'f limited 
natdral resources, » and the efficacy of mropferly " 
targe-ted Federal R&D expenditures. W - 

.Qoncej-n over reasonable roles of the Federal' Government acted 
as a continual check on suggestions for Federal involvement. 
Considerable recognition was. given to the lieed for industry 
participation a^ well ^s the need for coalescing the Federal 
viewpoint. r v ^ 



TECHNOLOGIES THAT WERE IhOT SELECTED = * 

* / 

A number of cailidid^tes did not sur^^^i^TeJ^e test of the five 
<?riteri,a. Among the unsuccessful canH^ates werer the 
automated' electronic office, electronic funds transfer sys- 
tems, video teleconferencing, consumer electronics, and data 
communications. Here are the reasons why these admittedly 
ilnportant topics di^ not 'qualify. - • . 

(1> The electronic office w^as removed from ^he li§|; 
because the telecommunications component iny^piired 
is not very "significant. /Moreover ,* there a^^no 
persuasive reasons at present for Govermrient 
involvement. 

(2) Electronic funds transfer was removed from the | 
list becausel^the major problem at present concerns 

' , banking regulations rather than telecomitTunic^tion 
technology. " * . 

(3) VidecT teleconferencing was removed because it was 
believed '^that it will, be some.; time before signifi- 
cant pubiic demand arises, despite its. pbtefttial 
as a. substitute for travel and the many I'nterestr 

. , ing 'technological proj^lems which will Aeed to be 



(4) 



(5) 



Consumer electronics was removed becaus^_industry 
has the techrioldgical' problepis well 'in hand. In 
addition, international trade questions, which 
appear to be the remaining industry,- problem, ■ fell 
outside the scope of this r^portv 3/ 

Data communications was hot selected for afeben-// 
tion because it is, a' service which is making r^id 
strides, and most. of the- technological prdlilertfe 
are being resolved industry. < No 'great-ba^iers 
to Its growth were visible, despite growing Con- 
fusion about the differences between, data cbmmuni- 
cation and . d^ta -process'lng .' „ ~ 



TECHNOLOGIES- THAT QUALIFI'ED 



The technol-ogies that survived did so for diverse reasons." 
Ml,, of course, satisfied the five basic criteria for selec- ' 
^tion. ' In -each cfaSe, hoVever, there' were considerations ' of 
special significance-; these are stated be:low. - . . - . 

' ' ' • ' 

. D^ect satellite cbm munications , especially for services- 
involving small earth terminal^, was included because 
of ats potential public "benefit, the presence of 
f^^-.?9^^^^^"^ technical barriers Ci.e.', hardwa^fe ^ai'Ta- 
. ^ bility and criteria for spectrum/orbit-titilization^ , 

timeliness-^ and potential -regulatory or -policy barriers 
to their early utilization. ^This subject 'was indluded' 
a;so-because of the danger - that, ear^y .ad- hoc decisions 
might foreclose future opportunities for benefidial 
use of the spedtrum/orbit resource." ' 

- , '- 
Land mobi le radid y a well establi.'fehed and- steadily " 
growing; service, was included because of its . importance ' 
to business, public safety, and government operatioiis " 
and because of the ^likfelilipod that there will not be 
sufficient, spectrum ava,ilable to sustain Hhe growth of - 
conventi'onal^rivately owned system'sj, ' 

- Broadban d cormnunication netiworks^ was chosen as an 
ex^ple Oif- a- 'service "whose time is yet to come." 
Despite many persuasive arguments concerning the bene- . 
-fits sudh services, they are not becoming available 



3/ See appendix B; 



because the necessary networks have nqt been developed* 
Moreover^ techniques appropriate to satellite and fiber 
optic communication modes may play an important role 
/ . in 'providing such networks. . . ^ ^ - 

Fiber optic communications was included' because it 
represents a >iew communications mode, for the future, . 
because of ' its potential for providing inexpensive higtx 
capacity communications, and ^because of its potential 
for development into a signiflcant^ilew manufac turning 
industry^ ^ . 

m 

In sOinmary, every effort was^ made ^o assure careful selection 
of those technologies that warrant Federal attention and to 
solicit various viewpoints, regardless of probable support 
or lack of it. Those technologies viewed as having high 
potential for public and private benefit are accordingly 
highlighted and proposed for fur^er discussion. 



2i' Direct SATELLirg Communications 

STATUS 'OF THE FI^LD 



The communication satellite Is having a strong stimulative 
effect on. telecommunications growth. And, as this" technology - 
evolves, its maturation is marked by the emergence of dif- 
ferent satellite, systems. Diverse studies'^- in and out of 
Government — have i-ndicateii that, among the satellite 
systems displaying impressive growth potential, the direct ' 

satellite communication more than holds its own." ^ 

- 1 " • ■ . ' 

A direct satellite communication (DSC) system is characterized 

by the use of small, inexpensive earth station terminals; by 
small," we mean terminals whose antenna diameter migfe€ vary 

from 0. 5 to 3 meters.' The terminals would be located on, .or 
-close to, the user's premises. DSC systems. also would have 

satellites with high-pov^erqd transmitters and narrow antenna 
•beams. - • 

Tjiese features are jus^the opposite of those observable in 
most of the Fixed-Satellite Service systems currently Cn « 
operation. - * . A 

' DSC- systems .could operate in ei^ther the Fixed-Satellite 
Service or the Broadcasting-Satellite Seirvice. The latter 
includes both Community find Individual Reception. Considefafele 
ambiguity exists — both nationally and internationally —as 
to the use of these terms. In this report, we refer to DSC 
on the basis of technological characterisi'tics . The expression 
DSC has no domesticz-or international regvilatory service 
definition. On the other 'hand, -the ITU se;rvice definitions / 
for- theJEixedySatellite and Broadcasting-Satellite Services / 
-appear to^ he ambiguous in technological classification based 
on very broad interpretation of service characteristics. /' : 
This ambiguity has been' intentionally agreed upon inter- / * 
nationally. - ^ ' ■ " J 

As an example. /f 'the ambiguity, the Fixed-Satellite Service 
embraces- all. point-to-point transmission with both points - " - 
fixed. In television network relay, however, such point-to- 
point relay via satellite can be made Jto a local TV broad- 
cast s tat ijon, which tBen rebroadcastiS^tlje signal within a - 
local area;. The sake point-to-point satellite rel^y with 
terrestridl broadcast, might be incj.ude^ under either the ' 
Fixed-Satdllfte ^Service or the Broadcasting-Satellite Serr- 
vice/Coromunity Reception' definitions.' -The fin^il decisiorT 
about which definition is correct rests, with each country. ' 
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In this section, we shall state some of the issues that a^^ ^ 
raised by the evolution of DSC ^y.stems. Our expejctatlon is 
that this issue definition will speed the process by 'which 
Government and industry — acting sometimes individually, and, 
sometimes -in concept — mights identify and lower the tech- 
nical, regulatory, and economic barriers 'that, now -iit^ede our 
achieving lower cost delivery of satellite telecommunication 
services; 

As^ the ♦reader will, apprecia;te, Government has a s_take in the 
cost and availability of telecoumiunication services to 
public service sector users. Thanks largely to satfellitie 
communication costs being relatively independent, 'of geo- 
graphic distance, all coitrniunication satellite systems poten- 
tially offer these users services that terrestrial, comifnuni- " 
cation facilities a)ce not now — and perhaps never will 
be — able to provide,^ at least at realistic prices. . Owing 
to their -potentially inexpensive earth stations, DSC system^ 
ought to be just that much more useful to the institutioi^^^ 
of the public sector. . • • '.'^ 

It is clear that the future of DSC systems ^ill be strongly 
influenced by future 'deve^pp'ments 3.^ all the satellite 
services, especially the Fixed-Satellite' serv^ice. To„ com-^ 
prehend the DSC issues, therefore, it is helpful to ur^der- 
stand^first the status of the Fixed-Satellite Service. A more 
complete discussion of this status is provided in appendix 
C; certain aspegts of the situation, however, are summarized 
immediately below* ' ^' . ^ 



Satellite .Communicatioraf Systems ^ * 

Both satellites . and their earth station^ come in a ^va!riety 
of sizes. To illustrate an extremg^, one proposed earth 
station, which is studied from time to tiirie^ would be ^ the 
size of a paging radio; it is receive-only, portable 
severe storm-warnirig -receiver/ ^ 

Earth station costs also va^^ cons'iderably* For example> 
the receive-only version of the 'small Data Collection PTat- 
form Radio Set — part of the SMS/GOES weather satellite' 
system — costs about ,$1>500^ A large, INTELSAT earth. sta- 
tion, however^ falls inutile $2.5 to $5 million ra'nge. 

0 ^ . y ^ 



.Sateilites are now. in orbit for a ,mult;ttude '^f services- 
• international (the INTELSAT series) ; dSnest^!ic in. the United 
States (WESTA-R.^ SATCOM I, COflSTAR) ; dcfclestic^ in other coun- * 
tries (ANIK^ Symphonie); maritime- (MARISAT) ; and militarv 
(PLTSATCOM). In addition, e:5)erimental comhiunic'^tions are - 
being investigated by the Apfjlications Technology . Satellite- 
6,(ATS-6) and ±he Communications "technology .Satellite' (CTS) 

.Domesti)c satellite development is moving ahead swiftly in a 
number pf other bouritjriesT fqr example, Japah, France ^ / 
.Indonesia, the united Kingdom, Italy, Brazir, Iran, India, ' 
and West Germany. And the USSR continues to be active with 
both geostationary and Iqw altitude satellites. 

Turning our attention to frequency b^nds, most of< the present 
activity, worldwide,- is concentrated in the 4/6 GHz band and 
the G.overnment 7/ a, GHz band. INTELSAT V will use both the • 
4/6 GHZ and 11/14 GHz band. Satellite Business Systems 
(SBS) has filed with the FCC tp dfevelop; a digital system « 
for application in ,tbe 12/14 GHz. band; but aside f;i?om it aixd 
the CTS, no other plans exist '.for that band. At "19/28' 'gHz, 
the only activities in evidence in the United States are ■ 
test transmissions planned-by AT&T and COMSAT. Foreign 
-governments, however,- are developing systems at 12/14 GHz' 
and 19/28 GH^, with U. S. firms as active participants. 



Frequency Resources 



The presently al]^oj:ated frequency spectrum extends to 275 
GHz. Satellite sai)vices are allocated about^l53 GHz — "or- 
55.6 percent — of . the spectrum from 7 MHz to 275 GHz,' but 
must share all except C3Hz of it^ with terrestrial ser- =*' 
vices. Oniy .J. .vaf percent of the allocated 153 GHz is set . 
aside ex.clusiT^elx^for the Fixed-Satellite Service.* 

Of the/^53 GHz permitted Fixed-Satellites, 51 GHz is' re- 
seryed for intersatellite 'activities, mpst of which will 
begin only in the futur.ef This leaves 1P2 GHz for Fixed- 
Sa-tellitft services dthdr than intars'atellite. It is on this 
102, GHz, that we shall .brief ly 'conpenti?at§ our atfeentioh. 



Fully _95 percent of this 102 'GHz lies above 14". 5 GHz. Yet, 
most of the current activity ih satellite commur^cations 
occurs below 14.5 GHz/ iffhich is to q^y, in mer^.5 percent 
of the 102 GH5; sl Ionai-iAn ^ r . ^ ^ y«i.cexit 
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Satellite communication use of frequencies above 14.5 GHz is 
considered to be limited by technology, while corresponding 
use of frequencies below 14.5 GHz is restricted more by 
market and regulatory factors.. - . v^. 

On^ the subject of international frequency management, ^repapa 
tions are well under way for the 1977 and 1979 World Admini- 
strative Radio Conferences (WARCs) . TheseJHi:aj^have a major 
impact on the direction and development oi Satellite communi- 
cations, on both -national arid international scenes. Tlje 
1977 WARC will deal with the 11.7 to X2.2 GHz downlink band 
and the sharing between Fixed- (point-to-point) and Broad- 
casting-Satellite Services. The 1979 WARC will review the 
enT:ire^ allocated spectrum in the light of the needs of '1980 
and beyoi;id. ' ' ; • . 



Orbit Resources • 

o m — 

X \ ' , • • 

A geostationary satellite must be positioned in orbit over 
the equator in such a way that 4-t does not cause radio » 
interference with other satellites and with other telecom- 
munication systems in general. At present it appears that, " 
the^nited States will share with the other nations of N6rth 
and South America between 75 and 88 degrees of the orbital 
^arc. Ju^t how. much of the arc will be available to tlie 
Uniired States is an issue that has not , yet been resolved by 
the international -community. At any rate, to apportion 
whatever orbital space the United States will have at its 
disposal, ^we ^shalL have to r,eexamine our "open "Skies" policy. 

According to this policy, any U. S.. organization with the ^ 
economic resources, technical capabilities, and customer 
marjcet demand can appiy to the FCC for use of the satellite i 
coitflnunications frequency and orbit resources. But to^insure,/ 
that the orbital arc renfains as accessible as possible, jea"ch 
satellite isallowed to use only a prescribed portion of it. 
.Under pre^eivtNj. S.. policy, the stipulation is 4 degrees of,, 
arc' to . each Satellite at a given frequency; i«.e., satellites 
for the, 4/6 GHz and '12/14 GHz bands must requite 'no more 
than 4 *to 5 degrees orbital separation for noninterf ering 
operation. Thip restriction forces a minimum ground antenna 
size, sets a minimum earth station cost,^ and influences the 
type — as w-ell as 't;he t:ost — of services that can be 
offered. These requiieements appear to represent a "fminimtom 
entry constraint." ' \ ^ 
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Owing tQ the 4 degree orbital arc" limitation, minimiom earth 
station antenna diameters are restricted to about 10 meters ' 
for the 4/6 GHz band. Furthermore, the same policy applied 
to the 12/14 GHz band would limit earth station antdnna 
diameters for that band to no less than 5- meters. However, 
It should be recognized that a precise calculation of orbital 
spacing and antenna size must include details of the relative 
equivalent isotropic radiated power in each direction from 
all satellites sharing the band, as well as 'the jnodulation 
and bandwidth they .use. It should also take into account 
the corresponding pai-ameters of the earth stations and their 
Ideations. ■ . ♦ ^ 



Geographic Resources 

Earth stations must be located so that no interference 
results to or from other systems using the same frequency 
band. F.mding an acceptable site .for operation in -the 4/6 
GHz band- is more involved than for the 12 GHz band, since 
the latter band is shared only by the Fixed- and Broad- 
, castingrSatellite Services. Coordination rules exist for 
±he 4/6 GHz band, and are being developed for the 12 GHz 
band. 



DSC Consumption of Resources 

It has been argyed that DSC systems require a dispropor- 
tionate shate of the three natural resources discussed- 
above; i.e., frequencies, orbit space, and groundspace for 
• earth stations. The validity of this argument, hov^ever, is 
open to question.- The state of the art, regulatory policies, 
and economic realities seem to limit DSC use of the fre- 
quency resource by which is meant the allocated spectrum -- 
to about 5 percent of the total of the spectrum, allocated 
nationally for the Fixed-Satellite Service. As to orbit 
resources, the same constraints limit utilizatioiy of 'them3to 
about 4 to 11 percent of wiicft is ideally, but not prad- 
tically, ^available for the 4/6 GHz and 12>14 GHz orbits. 
With regard to the geographic area resource, it is ev©n more 
difficult to estimate -either availability or poasible^V; 
usage. This will be discussed in greater detail under 
"Tssues" below. 
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ISSUES AFFECTING GfiOWTH 



Unresolved issues that are affecting the growth and develop- 
ment of direct satellite c6inmurficat;ions are grouped under 
the following subheadings. 



Needs and the Marke^t 



Public Service Sector Users ; By the term "public . ' 
service sector users," we have in mind such institutions 
as the Department of Health, Education, and Welfare — 
with its medical, education^ and welfare programs — or 
the U. S. Postal Service — with its possible electronic 
message service — or the Department of Commerce National 
Weather Service — with its weather and disaster 
warning services. t 

An important issue relating to this category of users 
is : 



o Their telecommunication, needs are' not yet well- 
« defined and therefore must be the object of con- 
tinuing attention. 

Public service. secto.r'' telecommunication needs, after 
all. Will be met efficiently only when they have been 
more fully defined and have been pulled together so as 
to form a coherent market force. All <xf which brings 
us to another issuer ' - ' 

o Can thisv sector ' s telecommunication jifeeds be met* — - 

or even 'fully .defined — without a demonstration 
f program that' goes beyond the present and continuing 
>^ demonstrations of GTS? y . * . 

' • ^ ^ 1 1 1'rt tirrr 

jshould it be decided that such a demonlstration is 
{advisable, it might serve the dual >putpose of revealing 
how tb meet public servicfe sector jieeds and of helping 
to further the definition of those needs in ,terms of 
telecommunications." -^^^^ " • ^ • 

And, any re.search performe^in connection with sucb a 
public service demonstration might well result in*pur 
pushing past the state of technological evolutioil where 
even our coi>temporary commercial sector is situated. 
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The point is that this 5:esearch will have to come, to 
grips , with what* at. the moment appear to be^he require-- 
ments of this g^ctor's qemtiunid'ations . we will 

state four of these possible requirements:' low station, 
capital costs, low individual transmission costs, 
a high degree of "cDnneCtivity (a term.-that referS. .to 
the ease with which ^ user can be connected* directly to 
the other stations in the network) , and high data rates 
or baridwidths during short transmissions. These require 
ments result from the necessity of 'keeping individual 
user costs low by _|preading total system costs widely, 4 
as well as ^from the need, to accommodate high speed da,ta 
and different forms' of video. 

It might He instructive ;to gl^ance at industry's record' 
as regards>he rate of digital data fecansmission by 
satellites ^ , " . 

Ea^ of the proposed AT&T COMSTAR satellites 'will be. 
able to transmit an aggregate of 1,073 Mb/s; to achieve 
this,- these satellites will use 130 raster antennas in 
the 4/6 GHz band and »Atlas-Cehtaur launch vehicles. 
Th4 SBS proposal, on the other hand, indicates a leaser 
total digital transmission capacity for each" satellite - 
328 Mb/s; this system is baged on. 5^ and 7 -meter antennas 
in the 12/14 GHz band arid an advanced Delta launch h 
vehicle . • ' ' ■ a 

Much of the difference between the capacij:ies of 'these . 
two systems is attributable to, the smaller SBS earth 
station antennas and the higher parametric amplifier', 
noise figures at 12 GHz as opposed to £he figures 
present at 4/6 GHz. Also, the SBS • s Delta launch " 
vehicle carries less weight than does COMSTAR' s Atlas- 
Centaar . - ' , - . • ' 

But It would be incorr'ect to assume, from the eJcample 
^cited above tha^t the use of small' earth stations 
inevitably implies a diminished /data 'transmissiyon 
capacity. A more* advanced satellite, launched i^y i±e 
Atlas-Centaur, can more than "^compensate for the reac- 
tion in earth station *antenna diameter .and "the hj:gher 
amplifier, noise figure. ' It is«in fact possible 'to show 
that a, systam employing 5 meter earth .station, antennas . 
and a satellite antenna mechanisni that ^covers the 
United States'* with 11 'narrow-hejim patterns could yiel<3 
a total digital transmission capacity of 2000, Mb/s per, 
satellite; this would be with the usq of about 80 watts 
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total satellite d9wnlink transponder power output. The 
data rate at each earth station, . however / may not be - 
more, than 1 to 10 percent of the satellite's capacity.- 

Sc^, if greater power and narro*7-beam antennas can be 
built into the satellite^ it will be possible to use 
sm^ll^earth station antennas*, and still achieve data 
rates sufficiently high 'for efficient public, service 
sector use. 

• ' ' ' fr^ 

It would be decidedly advantageous foM publij:: service 
sector systems to be able to utilize ^^11 earth stations 
This' sort of earth station may well tdrn but to* be 
relatively inexpensive. Its use, therefore, would-then 
permit many more individual institutions to join the 
system than- would otherwise be the cas^. Further, 
thinking in terms of economic demand, glreater 'total , 
system revenues could in principle flow. from la^rge 
numbers of users at- low cost than from {few user! at 
high cost. With this greater system investment, a more 
elaborate space segment could be programmed.^ 

A related point: what has' -so far been learlh^d about 
public service' telecommunicati^Qn requirements^ suggests 
that one technique able to satrisfy them may be a Vari- 
ation of packet radio, which' might be cabled •'•satellite 
packet switching. " " This technique, when ^ employed in 
satellite communications, imposes Remands on its systems 
similar to those that the publf ^• 
require for its communication 
evidence of the applicability 
techniques to the*needs of thij 

c/lus,i^^e. and it may be that only an ^dvande^ demonstra- 
tion will clarify the issufe, 



Lc service sector may 
networks. However, t]Tie 
qt modified jacket r^io 
:3 sector iferstill incon- 



If it- is demonstrated that the. way t6 meet public 
service sector needs in a cost i effective manner, is vfa 
a satellite network, of Jiundreds — ; dr thousands -^V of 
small, inexpensive, unattended! ear^ stations, ywe sh^ll 
most, likely be plac^ in, a difticuit . regulatory, situa^^ 
tion. For su9h" a system would' require ef larger orbital 
arc segment than'present policy jpermits. AllH^wing the 
public service sector«to us^ raoitik than it^ "fair sha 
of ttffe arc would* mean th^t it ,)W9Hld "be in dfefect 
ing a resource allocation sjabsidy^ * 
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Therquestion lsj_ 



' o Would a decision favorable to the pjjblic Service 
sector be in the. jDroader 'public interest? 
^ ' Or, put another way: Do we wish/to sanction 

this exception to present policV-regarding orb'ital 
arc deployment? ■ . • ' 

' / International Competitive gositidn of the United States ; 
. Pocusing^on international trade, We find that one issue 
stands out: ' . ' 

' . o ■ Should the United 'States act to assure its continued 

place $s technical leader in the world market in " 
. view of the progress other countries' are making in 
V/-^ satellite research? * . • 

A refinement of this question might read": " Should the 
. United States take steps to insure that advanced satel- m 
lite research is cbnducted in the United States ^- even 
-if this means that the Government itself must under- 
write theL. task? 
* ' " \ , . / ♦ 

The' Nationa^l' Academy of Engineering — 'in a 1973 report 
prepared .by S. M^tzgef of COMSAT 7- ^has addressed this ' 
-issue in tjie^ollowing *words : • > . , 

Thus' at the time when all major countries aj^e engaged 'in breaking 
^new ground in this field in order to injure a place for t^he future, 
the .U. already in' the' lead, has cancelled ihe ATS-G, H, and>J. 
The effects of this cancellation should appear in the sepohd half • 
|6f the 1970* s because of the anticipated neeS for advance aero- - 
nautical/' maritime, ,doinestic, regional/ and ^ernational satellites. 

* *. • 

Commercial satellite ventures must, because of the high costs of 
satellites ind^^rockets, take a conservative design approach. , 
Radic^lly^ new approaches involving expenditures of many' tens of * 
million dollars, cah't be funded by today's satellite business. * - 

Several other countries are developing entire satellites, includj-ng 
* communications- packages I rec'ommend that the detailed design-of 
satellites for operational commercial purposes (communications., 
broadcast, aeronautical, and maritime) be funded Sy nongovernment 
, entities; but tfie U. S. Government should continue to sphti%OT the ' 
advanced satellite techniques and components useful to all. satellites. 
Government' and nongovernment, in addition* to its sponsorship of 
new satellites for'specific ndncommercial purposes^ i.e.. Government,' 
jnilitary, and scientific applications, and demonstrations of 
, sat^ellite teghnology for lys terns having no early commercial potential. 
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This excerpt .serves well td crystallize thp issue of 
\ the right, division. of support between industry and the 
Government for adyanced -.satellite research. 

' . . •* . ' 

•J It might add some perspective to t^e statement of /this 
/ issue to consider briefly what the competitors* of U. S. 
industries, are doing in this area. The Canadians, 
Japanfe^e,^ aAd Europeans haVe felnall earth station "demon- 
strations under vay. Thanks to the delay in the United 
Sta tes i^ yhe use of ^this technology,, they have taken ^ 
the^-lB^Trir-rtlS development. .They> therejEore, may . 
exert substantial influence ^at the 1977-an5 1979 WARCs J 
in addition, they have begunr-to occupy a favorable . 
i*; position in internationa3^,,sales. . If small earthi terminals 

• b^ecome- more widely us^'d in tjie United States, these ^ 

foreign countries m.ay carve* put for themselves a 4 
. formidable initial 'sales posit:^on here as well. 

- V • System Development and g:erformance 

The issue accompanying this atopic is: 

. o Inasmuch as^ the^ extremely wide .^rana^of allocated 
frequencies abbve K.5 GHz ie not/being rapidly 
exploited, should we invest^igate^ no're thoroughly 
the technological o^utlook for using it and perhaps 
reevaluate the allocations^ 4.JI this light? . . 



C • ay 

Of the spectrum bandwidth currently agreed upon inter- 
nationally and in the United .States for, all satellite , : ^ 
services, "^excluding the intersatellite service, 5 p^^rcent ^ 
is allocated below 14. 5" GHz. There^" appears' to be general* 
agreement ambng Government and industry that the .major ' 
"technical problems have been resolved and technology is 
available for international and domestic 'satellite communi-^ 
cations fcelow 14.5 GHz, with some isolated exceptions. 

Very little attention is being paid' to the development of 
technology to use the 95 percent of the specferum above 14.5*' 
GHZ and the corresponding' orbit and, geographic resources.' . 

. Even the first major step toWards use of 95. percent of the 
Fixed-Satellite Service spectrum above 14.5 GHz .has not been f 
taken/ . although the preliminary step of providing 19/28 GHz 

.beacons for experimental* purposes *on the COMSTAR satellite 
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.has ociSLurred. No thorqugh assessment has been performed to ^ 
determine .the technology* presently available and the asso- ^ \ 

ciated performance limitations. The' limitations of the 
channel are only known^ in general and not in sufficient 
detail in the frequency geographic dimensions. Even the 
problems of antenna beamwidth and pointing, for both satel- , * 
lite and earth station antennas, are not well defined as the^ 
frequer/cy increases to 275 GHz. * Equally important, no^ 
^steij/ assessments have been madfe for the various allocations. 
Tl)^--^i6ting allocations may not be the best choice arid rtiay 
make, future system implementations more costly than they " 
need to be. Some attention should •be given to this resource 
imbalance. 




Policy and Regulation 



Frequency Resource Utilization ; On the subject of 
international radio frequency regulations, a central 
issue' seems to be: 

o In preparation for ^he 1979 WARC, should the Government 
once' again review its current satellite^golicy 
with special emphasis on the issue o^'small earth 
stations? ( * 

The ^977 'WiiRC will consider, for the 11.7 to 12.2 GHz 
^dpwnlink frequency allocation, the development of rule 
for sharing between the Fixied-. and Broadcasting-Satelr 
ll'te services .intfef nationally' as wel*l as in, the United ' ^ 
States. The final FCC position for the United States 
at the 1977 WARC is given in the Report anxi Ordet of 
Docket Number 20468. ^ . , 

' * ' * . » / - * ' 

In its position, the United States' expresses th6 desire' 
to maintaiii a flexible position through the use of ^' 
"evolutionary plainning" within an orbit, division a^pifoach 
without 'power flux density limiii's in the il.7 2:^o 12.2 
GHz band. The "evolutionary planning" policy requiires 
that satellites be capable of modest, one-tiirie j^posi- 
tioning (+ ' I'O- degrees 'in orbit' position) , that earth 
station antennas can be repointed ^o the new satellite 
•pcjsition, that earth' station receivers*' be Capable of * 
retuning oyer the entire operating frequency range of . 
the satellite network', that satellite -ajatenna p6inting 
angles be maintained within 0.2 degrees^ arid that ' ^ 
satellite positions be maintained within + 0.1* degree.- 
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However, current pplicy seems to preclude use of more, 
than 4 degree orbital arc satellite , spacing,, thus 
restricting earth station antennas to 5 meters- and 
greater. ^This is the. minimum entry constraint intro- 
"duced previously. Other countries appear, ti' favor^ 
antennas as small as 0.9 meters. 

The 1979 WARC^will review, the frequency allocations 
ovei: the entire allocated spectrumv including *all 
satellite frequency allocations.^ Preparations for 
U. S. positions are well under way by the Office of 
Telecommunications Policy (OTP) , the Interdepartment 
Radio Advisory Committee YlRAG) , the t'ederal Communi- 
cations Commission (FCC), and the , International Radio 
Consultative Committee (CCIR) , with GdVernment and 
industry support. ^ , ' ^ 

Orbit Resource Utilization ; With regard to use of the 
orbit resource, one issue stands' out: 

o Shbuld* the United States reexamine its policies 
governing use of the orbital arc with the 'intent 
of incteasing technical efficiency where possible 
' ^^d allowing greater liberality of satellite small 
earth station networ]^ use where economically ' 
desirable? ^ „ / v 

Geostationary 'satellite orbital slots are limited by 
interference among the satellites in orbit usifc^- the 
sam^^ frequency band. If certain teclgnology limtations 
characteristic of ' today ' s • state .of the art coul^ be 
removed, this might increase the number of orbital 
slots available* and expand the overall use of the band. 

The regulatory questions associated with small earth 
stations focus .on our orbit use policies. Should such 
small earth stations be allowed? If €o, in what iJands? 
And^ under .what rules? . (On thi^^ s^ibject', note that 
.MARISAT\will U9e a 1.2 metier antenna in the 1.5/1.6 GHz, 
bands; this will involve more than' 12 degree S>;rbital . 
arc spacing between adjacent satellites.) 
(. 

Perhaps some flexibility might be introduced ijjto our. . 
regulatory policies. It might be ^appropiJiate to pon- ; 
sider use of sftiallT earth terminals in a given barfd for^ 
a fixed interval of .time,' say 10 years. During this 
period, the sulDject shovjld l^e periodically reexamined 
yci the light of new technology and needs. 
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Geograplxt^ Resource UtiXi^tion : We define this 'issue 
as* follows; ' ^ . . ' 

o, Shpuld tqke steps td define more' clearly the' ' 
capacity of our . geographic^ areas to j3o'ntain";earth 
stations that share the spectrum with o€her\ 
services? ' * ' ; 

Earth stations must be place* at sites that afford them 
compatibility^ with existing terrestrial and satellite : 
systems.. To determine thi^ comp^ibillty for each • 
earth station application, procedures haye been estab- 
lished at both the national -level — - through the PCC 
.and th^ OTP and the international level — through ' 
' the ITU. ' • ^' 

WJien combined with the frequency spectrum, ^these .^SSk- 
graphic si tea ^^^present a 'national re^'source. ^ BothSrhe 
geographic ari#^t^e orbit resource derive their signi- 
ficance .from .the satellite^- and earth stations they 
service/ 'It is therefore^ difficult to think of them - 
indQj)endent of the technic^l-'-ehaaracteristics of the ' 
systepis that put 'them to 'qsre. J Perhaps this is one* ' 
reason why the am9unt of the gg6graphic-irfesource 
^available has .not been determined. In ^Mct, even the 
current^ us |..nf this, resoui^ce ij-i^entif iWd onlV ija 
scattered ^ocumentis". ' -'^'^ \- , * 



\ 



An issueN 




I ^ Sp^ctfum. Management 



iOernins^utiliiatdon .of .the^E.>5, GHz' band isf 

Should we make more.3Dandwidth .^v^i'Iable in" 'the 
2.5 GHz band So as lfb^accoWicraat:4 i^^^ public . 
serv0es, thus sp^e|^n$ tTi^.'cost. pf the spa&e , 
segmerit over more users?* ' . \ ' . ' 




At present, the Fixed-Satellfte^ Sej^cfe i^ allocated 70 MHz 
in this band and the Bro^cast:iiig~'Sat'ellite. Service 196-^ MHz. 
THe3e bandwidths are ef £e5ti5^lV>^eaerved *faf the -public 
'service sector.. But.^^is res^^lcted ijandwi^dth; irraits the 
number ofseigfices that can be o5S^ed wi:^in -it. ^,r:in turn, 
relatively f ew " institutions^are abl^i^ partake of these 
services. T;his ^situation will kee^^^li^'S^ user cost 

high. What is needed is bandwidth sufficient to allow 'more ' 
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public service agencies to ol^fer a greater v^l^ety of ser- 
ices* 'This- should >make the seryices oi this band mpre cost 
effective and ther^f oVe' more atttactive to publ^ic service 
users. • , * * " ' 

3 . ► • 

A Similar' issue concerning other frequency allocations below 
14* 5 GHz is: i% • ^ 

^ • * V/ , - . - • ' . ' 

o Should' we reevaluate our d6mestiQ spectrum alloca- 
' tions below 14.5 GHz in, view of the fact that par-ts 
of it are not being ^used an4_thf«^t d^:her pJarts^ — ia 
particular the 4/6 GHz band — are in great d"emand? 

The ITJJ has. allocated 'a totaj of 600 MHz to the Fix^jl-Satel- 
lite Service in ITD Region 2 (North and South America) that 
is 'not being used within the United -States, perhaps because 
the presence of radar and o:ther radio locat:i;on systems in \ 
J^ands '3 .4 to 3.7 GH^^and*4y4 te 3^. 7^ GHz introduce questions' 
"of technit:al feasibility^ and discourage potential users. > 

Another 500 MHz has been allocated ^both" , within the United 
States and in ITU Region 2 — ^ to international cdmrnuni- 
cations in the bands 10.95 io ll.J^iokz and 11.45 to 11.7 
GHz-. These^freqdencies are now* slated to be .part of the . 
IN;rELSAT V system. The question here {is why they could not. ^ 
be used on. a limited -basis for domestic purposes yith small . 
earth stations. , - ' •/ / ^ - 

'Finally,, y^t another - 750 ,15Hz — which noted in appendix C 
and'^whicli is' also allocated both in ITU* Region 2 and in the' 
United States' >^ — ^does pot- appear to be in. use at all. In 
the United States, the 6.627-7.125 GHz band ig^- available on 
a secondary basis for" downlink purposes- and the 12.5;^12.75 
GHz band has been allacated for uplink operations in i^e? 
Fixed^Satellites services. Tha^^ reasons for these alloca- 
tions ^re not clear. . ..^^ o - -v 

In view of the regulator^ limi tactions associcited' with the 
use Qf th6 4/6 -and 12/14 Gftz band737 . it, would seem* to Ipe . 
ajjpropriate for Governmi^tit and industry .to review th^e 
allocations — especially as part of the preparations^ for \ 
'the 19^9 WARc/ ^ . ' ' ' ' — 
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ACTIONS ^HAT ADpRESS THE ISSUES ^ ' ' 

- • " ^ 

The gr^ceding. section has identified' v^hat appear to be 
technical,' ecoftomicf', and regulatory barriers inhibiting tl;^ 
growth of dir^t satellite" systems.' The next step is fg^r 
Governih^ ^nt a nd industry to get' together to Study the situation 
outlined -in this 'section ,and determine wl^ethef these alleged 
barriers are ^indeed authentic. ^ ' • ^ - ^ ^ ^ 

'But that is admittedly a very general stiggestion. The issues 
^lisited 'above .also point to a number of , morre Specific recom- 
mendations 'for action, which are found below. 

.The timetable of the two imminent WARCs — ^ in 19.7-7 ahd 
1979 effectively establishes a* deadline schedule for 
comings to grips with many. of the. issues pertaining to^'satel-^^ 
lite communications. ; These WARCs, then, invest these reeom^ * 
mendations yith a sense of immediacy. 

Additionally, possible domestic applications of direct v ^ 

satellite communications raise questions pf technical re- 
quirements and institutional readiness.- , ' ^ , • 

* • . . * " ♦ * <^ 

These^ factors and,, the issues we ^ have stated above -lead us to 
propose the ' following acti.ons under the' headings indicated: 

Needs' and the Market ^ 

'JQ^ Public service sector ^sers of communicatFons 
^; must develop a definition ' of their technical. , 
requiiTpments to^ee^if; upon aggregajiion^) satel- 
lite telecommunications can be" cost effective., * * 

Government. ^ight *al*so investigate the n^ed for a demon- 
stration program in satellite telecommujnications for public 
service, sector userst TK^ role of Government and industry^ 
in any demonstratiqns ^beyond CTS that agre considered appro- 
priate, must be identified 1> . ' 

I ^ ' -ft 

Sys4:em Development and Performance ' ^' . 

Government must determine if a need exi^t© for NASA to. resume 
its^ f-ormejp place in the' development of ^vanc^d satellite > 
'tel^ecommuniCatiqn techriology. This review, however, must 



recognize tbat the fundamental needs)^ the public service 
sector user may differ from the, needs that NASA addressed 
in satellite telecommunicaticJn^ during the 1960's, 

In view of the'^cjarrent trend toward greate^r^use of small 
earth terminals, both domestically and abroad, as described 
more fully in, appendix C: ^ • ^ ^ 

^ ' • ■ ' ' ' 

o Industry should talce the initiative, in Cooperation' 
with users and Government/ to explore the need for 
. crLjieria and standards for small earth .teifminal 
sd'teLiite ^sys^tems operating in the 2^5^*4, 6, 12, . 
ancf 14 Gtiz'^ bands. It should also assess *the effect 
o^ the'se^standards on future^ technological develop- 
mentii if appropriate, defiAe and recommend 

performance criteria or standards /for FCC adoption. 



Also: 



o Government and industry must-evaluate the research 
and development activity 'currently 'centering on 
satellite telecommunications above 14.5 GHz. This 
review must- include a system ^assessment of the 
-potential uses, ca^pacities,^ and limitations of 
!► ' , * tecknology applied to the spectrum from 14.5 GHz to 
' 275^Hz. 

\ ' ' " ^ , ♦ * ^ • ^ 

It was mentioned above — in the discussion of the issue 
relating to America '.rf competitive posi^tion — that some con- 
fusiqn^^exi^ts as to ^hat role Government and industry' ought 
to be playing in^e conduct of advanced satellite , research. 
The private 'sectpf will have t9 recognize that the., GQvern- 
ment .ought not fo have, to bear 'the entire burden of satel- 
lite coiranuni cat ions development. 

One ingredient now missing must be added: a "systems .organi- 
zation7" which will be Responsible jiot just fof the space 
segment^ but for delivery of the service to the user and .for 
the quality Qf the service "^s Well. Moreover , each deftion- ' 
stration might benefit from separate Government and industry 
"systems organizations" working in coordination with each 
other; the former could be relatively small. Fo^^ Federal- 
user agencies, the systeirs responsibility ^might best .be 
delegated to a nonuser ^g.ency. ' . • < * 



^ o Policymakers and regulators must /address^ the spectrum/ 
orbit questions associated with .the 'use qf small 
earth stations CO.S to 3 meters);, particularly ^19 
the^.. 5.GHZ and* 12/14* GHz bknds . ^ Consideration 
should hfe given to the, use' of one or more .bands with ^ 
orbit spacings more than 4 degrees in order to 
accommodate small earth statioA systems. In the 
12/f4. GHz band, special attention must be given to 
the first application for a satelli|:e system. The 
technical characteristics of the first system may'' 
* ^ establish de fac^o power flux density limits foir 
' future systems*,' a'nd.^ thereby^ exclude small earth ? 
station applications. ^ . ' * 

Spectfium Management 

^ , * • - 

o Spectrum allocators must review^ the use of the ' 

frequency spfectrum from 1 GHz to 14.5 GHz for * 
- ^satellite telecommunications, '^.giving special ^ 
.attention to: the 2.6 GHz .allodktions,* the 
' * orbital arc allocation policies, the use of ' ^ < 

multiple band satellites, unused frequency ^ 
^ allocations «for satellites, ' and the impact of ^ 
10,000 or more earth stations in the United- . ^ 
States by 199& 'on the terrestrial, spectrum -and ^ 
geographic resource. " ' 

./ ■ • ^ '•• • ' " 

o^ The organizations dealing with public seryice ^ 
V se<5tor user requirements must seek better repre^ 

sentation in preparation of U. S. positions for • 
' .the 1979 WARC. ^ . 

IMPACT OF, THE PROPOSED' ACTIONS ' • ' " , . 



When 'considering the current situation in which direct 
satellite systems find themselves, it is perhaps more eri^ 
' lightening to speak of " thd "impact of non action. " The 
measure of any sudh negative impact is always ^difficult. But 
the ^effects o^i,^U. S. nonaction in this field have beeri 
discernible since at least 1973.-' ' ^ • ,t • 



First, we ^ seem to be observing- a trend towards the loss of 
U. S. technological leadership ia, satellite telecommunica- 
tions and particularly in. systems applications involving 
small earth terminals. Thei:e is not universal agreements on 
this dither in Govdrmnen^t or^in industry/ However, there 
are a number of disquieting points. .Except for the proposed 
SBS system, U. 'S. iiidu'stry^ does not have an overall systems 
operation in the frequency bands of 12 GHz. and higher; U. S. 
industries do serve as suppliers of space and ground equip- 
ment however , some J:imes providing- entire satellites. Also, 
Government policies are either insufficient, conflict- 
ing/ or fragmented. And the development of advanced satel- 
lite technology — as has been mentioned in two places 
above --^ appears to be slowing in thi^ .country. - ' 

If the issue of small' earth terminals is resolved* in such a* 
way as to exclude earth stations with less than 10 meter 
'diameter at 4/6 GHz ^ and 5 meter diameter at ^2/14 GHz, the 
application of small earth/ terminals and hi^^h* power , narrow 
antei)na-beam satellite technology m^y- be denied to public ^ 
service sector users for at le^st the next decade. The 
outcome of T:he issue resides in the detentiination of the 
public interest. . ' ^ . 

The lack of representation of small earth terminal pi;opo- 
nents and public service sector users in co'mmittee acti^v- 
itie^s for the 1979 .WARC — in FCC, OTP, IRAC, and CCIR 
discussions — may result in ITU agreements which could have 
a long- term, unfavorable impact on^U. S. domestic satellite 
telpcommunicatiohs: f 

Finally, it is argued that the past producti^ty .gains ^in ' 
the service sector of the economy have been assisted bi( the 
tachnolpgical advances^ of telecommunications, if, these' 
gains are to continue, the cost of advanced telecommunica-^ 
tion technology and,, services in the United' States' miJst • 
continue tp decrease and their availability mioiet increase. 
Satellite telecommunications with small earth te^mina^^ may.^ 
take its\place among our most sophisticated technologies in 
contributing. in a substantial way to our continued productivit 
growth* 




3. LAND-MoBI-LE^RAnTQ 
ISTATUS^ OF THE FIELD 



i 

The term "land mobiieTadio" .(LMR) originally described a 
radio service which provided voice communications between a 
'fixed location and one or more vehicles and between vehicles. 
Since that time the industry has evolved to provide service- 
to haxid-held units (walkie talkies); to stnall, personal^ 
signalling .devices (pagers); and to data terminals! in 
addition, vehicle loc^ation ajid some point-to-point (fixed) 
services are alsQ provided. It iS' important to distinguish 
between the broad class ^ of radio operations (iescribed by the 
term "land mobile radio" and the^narrower clkss encompassed 
by the technical and legal scope *of the Fqc 'rules and regu- ' 
lations. While many types'* of radio operatipns occur between 
vehicles ,and-£i;eld stations on land,, only some of these 
operations are ,technica.lly included in the term "la^d mobile 
radio." Other services have developed which are not techT ' 
nically "land mobile'! but which appear to perform similar 
fiinctions. l The ubiqtiitous Citizen's Barid service and radioj 
amateur operation of- mobile radio equipment are the best 
lexamples or ^'he laj:ter. The majority of land mobile opera-- 
tions occurs in the frequency bands shown in* figure 1. - . 

The dome^stic matHet for LMR and selected equipment (inclixdxng 
Citizen's Band jradid)- is presently estimated. at $78J. million 
per year and is growing at* an annual rate of 11 pereent to 
reach; over $2 billion by 19'85. . • 

Problems of market potential, diversification of new sepvices 
offerings, futujfe service demand, adequate imports ^rid 
exports, administration and regulation, and many ot^er non-^ 
technical issues ^Xbtj a predominant role in the .future 
growth of LMR in the United States; 

This section ' ^ocu^s qn those fundcimentaJL considerations 
which may contribute not only to LMR technology but to a 
better und^erstanding of the nontechnical issues affecting 
growth. 'Many similar issues occur in. the provision of ^ 
service to aercnauticai And maritime mobile Users, but these, 
are not discussed herfe. . ^. * 
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ERIC 



iiMR provides a wide range of services to many .distinqt 
groups of users a^" shb\fn in table 1. These distinetioris 
have evolved partially, as a result* of different wa^s in 
which LMR has been used and. partly as a "cbnsequence of * 
frequency allocations madis to the ^separate user groups. \- 

' • ' The Land ' Mobile Community . 
* ~ '■ ' 

In broad terms, the land mobile community consists of manu- 
facturers, 6perators, users, and regulatprs. ' In some cases, 
single organisations may be manufacturer and operator, or 
operator and 'user, at the same* time. " 

The Manufacturers; The U.S. market i^ seryed by a 
number of. domestic and foreign manufacturers. Mofebrola, 
. General Electric', RCA, and E. F, Johnson account for 
^ most of the domestic supply, with Motorola serving a 
- — maj-or-shaare--oiJthe market, - "This balance "may s-hift ' 

toward foreign, supTE^ly--af_ one includes^^Citizen' s Band as 
a part of LMR, - Principar'^Torei.g^manijf acturers include 
Phillips, Pye, Siemens, Thomson-dfepTjsOKI Company, ,and 
' Nippon -Electric. , ' ^ , ^ 

The Bell System represents something of a 

special case. In. the *^a£;^. Bell operating companies 

provide(J conventional, rad^-p- telephone service, in 

, various parts of the United States, 'Now this' organi- 
zation has embarked on an ^xtensive development pro- . 
gram to establish a n^w, soj^histicated form of radio- ^ 
telephone service in the ^0O.VMHz frequency barid. Whilp 
, the Bell System may, not produce equipment for, this use, 

' it is expected to do the "R&D »and much ofi the system 
design and equipment^ specif ication that have been- , 
associated. With equipment manufacturers in the past. 

The^ Operators; LMR operators are here defined as those 
organizations that physically operate LMR base stations 
and associated equipment to provide mobile radio service 
Organizational character ranges widel^ within two main 
categories: intilrital use and general use operators. 

Internal use operators are organizations which^own and 
^ operate equipment' for their own proprietary use. The 
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Table 1, 'Land Mobile Radio, Service ancl User Groups 



A number of user groaps are accon^mo dated in 
bandjs set aside for six different services, 



sections^ of the Land) Mobile Radio 
as showrt*below. 




Category' 1 



Public Safety Service 
Police ~ 
Fores^ry Conservation 
.High|^ay Maintenance- 
Special Emergency - provides mobile communications 
for emergency medical and disaster needs . 

Stiate Guard ' . ' 

Local Government 



Category 2 " 

Land Transj)ortation 
Motia: Carrier 
Railroad 
* Taxi cab * 

Automobile Emergency 




rvice 



Category 4 , ; 

Industrial Service 
power (Electric Utility) 
^Petroleum ' ** 
Forest Products * * 
Motion Picture 
Relay Press • 
Spe'cial Industrial 
Business 
Manufacturers 
Telephone Maintenance i 



Category 5 

Domestic Public^Radio- Service . 
J (furnished by Wireline and Raxiio Common' Carriers) 



Domestic 'Public at larg^ 

and paging service . 
Rural subscribers 



for air and laftd mobile 



t 

\ 



Category' 3 ^^----'^'^ ^ 

Maritime Mobile & Aeronautical Mobile Service ^ 
While^^these^g roups are not ^ruly "Land" -mobile users, 
^ ---^sinftilar equipment operating in the adjacent frequency 
bands is uged to provide radio comitiunications for' 
ships and aircrafts. 
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Category 6 

(^vernment * ' ' 

This category includes the ^Federal <k)vernment agencies) 
many of which maHe extensive use of Land Mobile Radio, 
The Departments o*f the Interior, Agriculture^ Justice, 
Treasury/ and Defense all use LMR services ^o meet an 
extremely diverse set of requirement ♦ / ^ 
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large local taxicab company, department stores, police 
departments, and ±he U. S. Forest: Service all fall into 
this category.- ' ^ 

General use, operators are. Srganiza^roris wfiifedli^bp^c^e ^.r^- 
LMR equipment' for 'the benef it ,of otliers, usua'llyV as a 
regulated common ^carrier. Included are both Radio 
Commpit Carriers "and Wireline Common' Carriers who 
provide mobile telephone/ service interconnected with 
the telephone network. The Radio Common Carriers may 
also provide dispatch services. ' 

A third , class of operators also exists, who operate . 
."cpmmunity repeatelrs." Here', *a central fepeater^is ( 
provided for the shared use of several other licensees, 
Who are private operators.-. - 

In the n^w 900 MHz band, another class of operator 
emerges as the Special 'Mobile Radio (SMR) system. The 
exact character of the SMRs has yet to evolved; but 
;in* concept a single, licenced operator provides base 
stations and repeater service to a"" group of users, each 
of whom must be eligible for licensing in the ban4 but \ ^ 
who is not actually .licensed. Unlik^ operators , • . \ 
of community repeaters,. SMR opex^toirs^would be recognize|^ 
by the FCC through the .licensing process. > , ^ 

Ijhe-Userg ; In this report, users (see table 1) are 
.those corporations and individuals who actually employ 
the coiMunications Service. In*^ the case otf internal ^ 
use operators, the operator and* users are one and the 
same. Sears Roebuck r for example, may operate arx LMR 
base station ^to dispa-^ah its own repair vehicles-. ' 
General users, on the other hand, subscribe^ to services 
provided by othera^^-^iuih^^^Lj::^^ ,In practice, 

most such 'Service is used by busines.s and professional 
people. Citizen's Band users arq a class in themselves 
usually privat<5 citizens who own and operate their own . 
equipment. Such general use is someiime,s/piit* to com- ' 
mercial purpose. , ^ ' ' , * 

This broad collection of useirs, 'segregated toy their 
many different interests and requirements or by isolation 
between industries*, does not have a common meeting 
groun^ on which to identify common problems and work * 
toward their solutions. Many user groups ajris quite - 
small or are well removed from the ' technology of tele- 
communicatiojns. Even mafny of the .large corporate users 
employ^ LMR in simple forms, much like-^th^ smaller / ' 

organi^zations. ' , ^ ' * . * 
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The Regulators; ' LMR is universally r-egulated as to 
J Its use of the radio spectrum. ' Nongovernment users ♦ 
aire regulated by the FCC; Gbveriiment users by the 
Offidfe of T^leconununica'tions Policy (CXTP) through the 
Intejrdepartment Radio- Advisory Committee (IRAC) . 
^ Market entry for Radio Common Carriers is4.regulated by 
the Fee. Their, .rates are regulated by the^'States 
and/or other jurisdictions. 



ISSUES AFFECTING GROWTH) 



A Wide range of concerns exists Vithin the' LMR community. 
The extent to which fchey a^e p^rceive^- to affect the future 
growth and^,development o{ £MR services varies widely? Vl^^ 
this section, thos^ subjects .which* have b^en mentioned in 
the couf-se' of numerous interviews with uSers anji industry 
^are discussed. They are: speetrari congestion, channel 
sharing, performance measures, regulatory matters," the 900. 
MHz^band, international questions, and need for improved' 
long-range planning. They are- discussed within the more 
general headijig below. 



Needs and the' Market 



The most fundamental and long-standing IJ^R^issue is spectriam 
congestion., namely: , > . * ^ " , 

o Hpw to. deal with the lack of adequate radio 

spectrum capacity to meet existing and expected 
/ . needs. ' " - ) 

The simplicity of this statement ,is/deceptive , however, ' / • 
since no comprehensive,, accepted measures pf spectrum need 
for land mobile systems* are available.. . - , ^ ^ . 

: ^ ' ^ - ; ^ ^ ' \ 

The Rielative Nature ol Spectrum Congestj,on ; In thei 
currently .used Jpaiids (belowi 500 MHz),, several ^citie^- ijti V 
the United States are cited as\being saturated. New^ 
Yotk is gerferally, accepted as the region where congestion 
^is-most intense. Radio channels in other cities, such 
■^as Los Angeles* and Chicago, while^ heavily used, are; not * 
as cpngested as New York and, therefore,, by bne^ measure 
of pefforaance, must offer some reserve capacity. Even • 
^so, ^ome users in thes^e -othir '4reas find the cjualitl^of \ 
#: I • ^ I : i : , . . i ^ ^ / » - - h' 



^service unacceptable or at least intsn^ed of improve- ' 
ment. To provi-de a more obje.ctive evaluation of . con-' 
gestion^ an ilnproved measure. of channel capacity and 
overall radio system ^per-formance^*<s^ngeded. . / ' 

' - Congestion Fi*xes ; .Traditionally, the LMR community has 
mitigated its congestion problems in two ways. ^ First, 

if it^has made more effecti-ve! use of* existing spectrum t>y 
technical improvenotents toffee hardware." Tone-coded 
squ^Uch, .in. which, a receiver; is quiet until, a call 
intended for i^t is receiv*ecj, i^ one example*, Channel \ 
spl,itting, whic'h reduces the bandwid'th^of each channel, 

another.. But there is a limit to the degree 
of channel splitting whigh-- can occur and still provide 
effective cpmmunicati6ns\ . There is evidence to suggest 
that this limit is reached ':ki'same cases 'with channel 
widths that are wider than the minimi required to * 
'.permit intelligible reception of speech. However, the 
trade-offs involved in determining-^ the 'channel width 
which, produces the m^ximuln spectxiuin capacity* are not 
.well understood-. / As a result, fi^equency managers still 
tend to assign channels of minimxim bandwidth. • ^ 

A second approach to congestion has been to acquire 
mo^e channel space. As an example! , 1J.5 MHz of new 
spectrum has recently been macJe available, for LMR 
in the b^nd 806-947 Mfiz. " However,- fundamental to the 
'question ^of providing lAbije channels for LMR ox other' ^ • 
services is the neqd to assure '^best'* use of the radio 
spectrum As a natural resource. But in LMR, as else- ^ 
where; "best" j.s not rig'orously defined either micro- 
or njacroscopically 2 Limited definitions exist in 
purely * technical terms; but it is clear that "bfest" use 
' must also consider short and ;l<^ng- term economics, 
social values, and other nontechnical or nonengineering' 
factors. Lacking a rigorous def in^tion^ of . "best, " ' a 
more general KJef^nition $till does not exist, that is • 
widely accepted. ' ' ^ ' ^ " ^ v 

Cost as a Barrier to Cong^s^oh Fixes ;. In both, of /the 
above cases ,'i*»1:he user faces higher equipment costs and" 
added uncertaiiaty , dr risk, as t6 how^his new systfern\ 
will peifform. These^ factors, coupled with a natural 
* tendency to stay with the familiar, .still exert*great, 
« jpr^ssures to stay with the older ^ lower-:^equency 
bands* Even'with large amounts of new , spectrum, 
available, th^- older bands remain cbngested and^are 
likely to continue so ,for the indefinite future. 
Effective administration of the use of- the oldet, 
"traditional"^ bands ^conti'wyes as a major* concern *fOr . 
the future - = " ''^ ' ' ^ ^ ^ 

■ . . 57' 64 ■ : ■ ^ 



Channel ^Sharing ; Traditionally, most LMR services have 
always required, users to share 'the radio channe Las signed 
to them. In the etrly stages of sharing, however, . 
users grow accustomed to the comparatively light loading 
on a shared channel. As- demand Increases and more 
^ users are required to share a coimnoji resource, channel • 
loading incre^ases and perceived service quality di- 
minishes. Early users object to the incursions. 

In other* situations, users ^ite pressing operational 
^n.eeds as reasons why shaping a channel, rs not ^feasible. 
Consequetitly, numerous factors fq^ter a reluctance on • 
the .part of LMR users to share the radio channel. 
Among them are:', . . - - . - 

(1) Apparent need fpr independent operations, tree 
% ^ . of, conflicts with other agencies or adjacent area 
users. 

Clear channel experience of early users arid, 
its attendant interference-free" service (in the 
- shared bands) . ' - ' 

^ , . ' \. '-i 

(31 Proprietary interest the users ^acquire in their 

. , assigned, channel arv^attitude djer^^^ing in part 

from their ownership of radio Equipment. 

(4) The fact that the channel appear s'^*lo cost nothing / 

^nd therefore ,jbhe user cannot 'reduce his 

n^ost through sharing "his"- channel with others. 

C5) Increase^iij cost that is inherent, in some/ 

fo^s Of J sharing '-{the use of toriej^coded sqiielch ^ 

^ to eliminate reception of unwanted signal*/ the 
us^ of ce?mput^r controlled trunkdng ^ysteniq, t 
etc.O . " ? . \- • 

C6) Natural ;^eluctance -of comp^^bitors') to sha^r^ ' 

facilities tha^t may freely dis^slo^e business ^ 
,: in^onrtation* ; (Consider two .real estate agj^ncias 
' on the same chanri^el.)*. ' ' \' , 

The traditional approach to sharing, simply adds base ' 
statiqns and i^iobil^ units to an already^ assigned channel. 
Both old and-new listeners must listen before* [they 
Speak to insufe that ^t^ channel is ndt in use*' To 
each user the^ channel is busier, access is mi^re' diffi- 
cult and ■ time-consuming, and. monitoring for a message 
becomes bothersome, • , ^ • i ' 



.Technical innovations have reduced these drawbacks. 
Some examples ' follow-: \ \. i-woacKs. 

Tone-Coded Squelch:. ToneXjo^ed squelch can,- with a 

.^f ^Jk"""^^ investment, insure that each listfener 
hears only those messages intended for him. However? 
he cannot be assured that he- will hear all such mes- - 
•sages when the channel- use is high,^ ucn roes ^ 

•Trunked Systems: Anot^iet technical innovation' is' the 
fLH^^'i^^?^?^ systems, Trunking is a. concept in which 
a substantial group of - channel pairs is assigned to a 

aid^^LSf?^-' °^ ^ central computer 

and reraotely-controllpd, multichannel, mobile trans- " 
ceivers, channels are scanned each time a user atteraiits 
to .oommunxcate. Thq firSt .unused channel 'is ma'de ^ 
available. This approach is expected to allow much ' ■ 
higher usage of each channel in some, applications. ' 

Thq^mdjor constraints on the growth of trunked systems 



•(1) High initial cost of a, trunked sy^teih relative • " 
-to»conventional §ysteni(s\ • ' 

(2) . Lack of operating systems to genera-tfe prartical 

experience fn the technicalT oper-ational, and ^ 
. . .^ economic aspe<^ts. of trunked sysi^em operator, % 

(3) Lack of unde^tahding of. Or confidence in, 
^ practical system's by potential buyer S. ' 

(4) Lack Of remotely- tunai^le, milti<^liannel ttans- 
ZV'r^^'^lL' (Only,, one has been type accepted by the 

_ FCC. This .constraint ds expected to be eased 
• however. ) ' • 

- • . - ' ' } 

^Sl^q^n^L^^J- ^""^^^^"^l concept is not. limited to use in 
the ,900 MHz band. Indeed, it i^ -presently used in the • 
improved Mobile Telephone, Sijrstem in the 5e?y-high and 
ultra-high frequency bands.' However^ the requirement ' . 
for large groups of frequencies makes the -new band' the ' 
sJa"""'^^*'^^ ^^^""^ to getVthe. trunked dispatch systems 




Paging ; A third technical innovation which has been* 
developed^ €o, provi^p a specialized service at low cost 
to the user is paging% It is mentioned here' because its 
future rVifidespread us^ may help to reduce pressure for 
two-way lMr channels. ^ 

Paging rf^lows simple signalling af a large number of - 
us^r^-, each .of whom carries a small "radio receiver. ' 
Typically, physiciWis, repairmen, and other mobile 
people use ^s'uch a service to 'allow a central office tO' . 
advise them of a neea to carll some particular ' telephone! 

Paging is a dynamic, high growth segm^ni: of the land mobile 
activity. However, the constraints bn its growth appear 
to be almost exclusively in the marketplace. With the 
potentiaT for serving up to one hundred thousand sub- 
scj^ibers ^n a single chanr^ei, even the limit^^ channels 
presently assigned appear to offjsr substantial capacity> 
The more favorable ^economics of paging may drive out 
t\^^o-way. mobile uses in sqme ^markets* Issues, prominent, 
in the^ field irypflude the potential for more elaborate 
pagihg services including digital paging with message 

^delivery, wide .area services, the role of foreiVn ihanu-* * 
facturers in supplying the U« S. market, and^the cost of 
the" individual pager. Bringing pager costs below one * 
hundi^ed dollars, fsome^say $50) is expected to ma^ke the 
service attractiv^e to the popular consumer market an(J 

. so cr^eate, a demand. "e veil beyond that enjoyed by present 
Citizen's Band ^radio. Soitte estimates put suth costs 
6 to 8 years in the future. - r ^ ' - 

' cellular .Syi^tems ; A fourth \technical de'l^e^lopment which 
has great promise for conserving spegtfuiri and Illowirtg 
it^s reuse in the same area is the /cellular system being 
developed by the Bell System. for use in the 900 MHz 
band. The -cellular concept divides thd ^rea in which 
inobile telephone service is provided into small cellur 
lar areas,., ^cli ^with a antral transmitter 'and receiver,. 
Mpbil^ telephones communicate indirectly^ via ^Tie ceiYtral 
installations c^f the^c'^ife^ in which they ^re I'ocated.^, 
By making the: cells^^^uf f fcierftly small (e,.g., half a' 
irii'le in diameter ) a singie channel can accommodate all 
the traf f ic 'orlginating in the cell or directed towards * 
it. Since the^^ame freqiiencies can Be reused at ax 
distance of ^ tew'^«cell di^ameters, the LMR chanjjjsls can' 
±e reused frequently^ in a'^lar^e city. However, because 
this (development involves massive computing and inter- 
cpnn^ction facilities it*may,'like trunking, be ^ - 

* expensive. ^ , ' ' ' ' \ - ' 



.Trunkirig and cellular systems may bf major .steps towards 
r^duQing spectrum congestion. Ifow^ver, they ma-y not " 
rfecess-^Uy 'be the best.' As rioted earlier, thfe- land 
mobile market is projected to grow at a rate o'f 11 
percent per year. ..This represents a -potentials doul^ling 
of the demand for land mobile communications in 7 i- ' 
.years. If this incre^kse is to" be .provided with the 

. present service quality, it represents a- potential 
(fcubling of the amount of spectrum in use at present in 

- approximately 7 years. It is unlikely that - develop- - 
ments such ds- trunkir\g and-celluiar systems alone wi^ll 
alleviate this incipient demapd- for spectruiif.- This 1 • 
conclusion arises because of the inherent' increase' i^n 
costs associated with new technical developments, J 
P^ticularly at 9 00 -MHz (where they are most likely to ' 

-De made .avail'able) , and because of the Ic^ss 'of control 
of the facilities by individual, users-. 1 
" . ■ • . ' J 

Thus the issues associated,. with channel sharing are: 



How to overcome user reluctance' to .gr.^a'tdr shared ■ 



O 

use* 



o How to recover the cost' of new technical develop- 
ments that facilitate sharing. " ' ^■ 

The 9 Op MHz Band: LMR operation" "in this laand involves 
new concepts of operation, new equipment, 'and new • 
aspects of natural influences such as radio. noise 
and propagation. Most -,6ignificaht^ 'ate the fiew con- 
^ cepts of operation embodied in cellular and trunked 
systems. Both approaches;.^chieve greater speptral 
efficiency. . Unlike t^ditlon^l system^, tfjesd t^o 
approaches reqfiire high initial investmeht and fre- 
quency allocation despite the expected light initial - 
demand. Return' on inyestm^ht" {bqth finandially and " 
^ spectrally) is deferred well beyond th.4^" experienced 
^^ith traditional systems. ;° « ' ^ 

T^he questionsrfacing the community^ -with Respect to the 
'growth tjf the^^i) IjHz band dre'. summariz^, as : 

(1) What IS tVe economic viability of ' the new ' 
, , concepts? ' , . . • , 

a2) When and at what- cost will equipment be avail-*" 
able with which to establish initial systems? 



(3) . How can the market be encourage^ in its i^nit;ial 

phases dealing with^ demonstration and proof of 
concepts? ' ^ 

(4) What will be the role of coittfnunity repeaters and* 
how will they affect tha market for other, more 

' y costly services? 

(5) How ^^,11 natural phenomena such as , noise and • 
radio pr;opagation affect system performance .in* . 
operation? ' . 

These questions, until resolved, constitute barriers 
4o development because* of the uncertainties they 
impose 'on both the users and suppliers. 



System ^Development and Performance 



. Performance Measures ; As stated at the beginning of 
this section, the .fundamental issue is how to de^l with 
the apparent lack of adequate spectrum capacity to meet, 
existing ahd. expected LMR nee^s. 

The technical innovations noted abovfer^may help resolve 
this- issue* But they can only help. More is needed. 
Basic to th^ issue is the need ♦for better .understanding 
of the "capacity" of a radio .channel fo;r multiple use, 
the extent to whic^the capacity is being usfed/aipid the 
availability of aaditional cj^pacity for use by ,others. 
But an adequTate definition of ."capacity'' has yet to be 
found. ■ ^ ' ' . 

/ ' • ' ' - . ! 

Before "dapacityj' can be defined,.^ definition of. 
system "performance" is required. How can "perfor- 
mance" of LMR systems be described an3 measured? How 
does performance depend on the npmber of users, the - 
opexitihg ' range required, and^ the time for * which ^service 
is necessary? Again there is no adequate definition of 
"perfoinnance'^t'. ^ 

Lack of the definitions, arid subsequent means of esti- 
mating "capacity" and "performance" has ^he folTLowing ' 
consequences : . 

(ir creates' conf usiOT^/'^disagreement,^ and disappoints 
ment among 'users in everyday operations. ' 



(2) It, inhibits attempts to improve sharirtf^cmg 
users. , r» . • ■ 

•(•3) It denies the oppprtunit? to evaluate alternative 

•system concepts, objectively. . 

(•4) It makes rational planning "for efficient spectrum 
■use difficult. * • . ■ - , 

The FCC Spectrum Management Task Force has adopted' ■ 
channel occupancy"^, the percentage of . time a channel 
IS m use, -as a measure of performance for the user. * 
Questions^ still exist as to the adequ^9y of this ap- 
proach since it dioes not directly determine the delay 
m obtaining access, to a given channel. Neither does it- 
portray the true situation unless simultaneous measure- 
ments are made' at a sufficient number of points in* the 
area wKSre the "channel occupancy" is J;o be determined. 
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Other^ measures of performance are presently in use, but 
users and planners alike agree that they-^do nbt fully 
meet the practical need. The most common measure of 
performance presently in use is the "number of mobiles" . 
per channel. In the Safety and Special radio" channels , 
the niorabgr of mobiles" performance measure for parts 
of the 900 MHz and 470-512 MHz bands is as follows: 

Number of mobiles which 
y are considered to saturate 
Type of service ^ a channel ' , - 

Business . - • ' 90 

Public safety ~ 50 ' ^ 

Other users ' 70 - 

•Users argue that these, rules are- arbitfal^y ^nd do not 
adequately account for the different character of radio 
used by various operators. Different businesses, 'for 
example^ may have substantial differences in. the length' 
of messages, frequency 'of messages, and the g^nount of - 
delay that is tolerable. 

In certain telecommunication contexts, waiting- time has* 
been ef useful performance measure, but even in switched 
telephone netv/ofks it is not sufficient. In the LMR 
context, waiting time alpne^ fails to take into account 
at least two important factors --.signal quality and area 
coverage ■ requirements . Attempts -to use waiting time 
as. an LMR petformance measure have not yet been 

i ... 
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successful, partly as a result of the difficulty of 
measuring this factor. 

Availability of adequate and acceptable definitions of 
"performance", and "capacity" would allow more vdntelli-v 
gent evaluation of various' alternative solutions (e.g./ 
channel splitting, bandwidth expansion,' trunking, 
.cellular systems) to the' conges tijin and channel sha'ring 
problem. ' . ' , ' • 1 " ♦ ^ ^ 

Thus arjother major issue is: , * \ . 

^ ^ * . 1 ' ' ^ 

o How to ^obtain adequate definitions of performance 

and channel capacity for dealingj quantitatively 

with LMR spectrum congestion. 



Resolution of tKis issue would do much to -remove major 
barriers to future growtli^pf LMR services, namely: (1) 
uncertainty ^afbout: the best ways to iise an^ administer 
the LMR spectrum ^and '^(2) scarcity ok new spectrum space^ 
for expected growth. * \^ 



V 



Long-Range Planning : An issue essential to sound system 
pgrrormance. ana nence to LMR' growth ,' is ; 

6 The implementation of long-range planning and the 
provision of the toolalwith which to do it. > 

Planning is increasingly recognized as a critical 
factor in insuring maximum^ <fc>enef it .from both the 
spectrum and financial .resSurces. / Public safety us^rs 
hSve documented th^ir concerns fdr, planning in a ' , 
recent report, prepari^d under Law Enforcement' Assistance 
Administration (LEAA) sponsorship by the Associated » 
Public Safety Communications Of f icers (APSCO) . At the 
FCC, the establishment ♦of the Office of Platis and 
Policy^ a study of future requirements forLM^ services 
and potential digital applications in .LMR, and the 
creation of the Spectrum Management Task Force all 
evidence a growing concern for improved planning* As 
to the radio^ spectrum allocated to the Federal Government 
OTP ^requires rigorous planning by, its Circulars 11 and 
12: ' . ^ " ^ • • . ' , 

At the' State level one step in the direction of inte- 
grated syst^ ^planning arid operation has been the 
formation^ of State Planning Agencies (^A's). Through 
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ism, individual states are 
consolidating their^ comraunicatiops requirements and 
■ centralizing their planning. ' 

The combination of thd "indispensible nature of the 
spectrum and its scarcity drives the SPAs to shared 
systems. The high incremental cost of these systems is 
a barrier, to their development; /'but a barrier that can 
be lowered by sharing costs as well as channels. - 
Overcoming the proprietary interest that individual 
, agencies retain in. their dedicated radid channels is 
perhaps more difficult and depends on operational 
^""^^^^^j?^ ^^'^ its .regulation.- Thus, planning' tools 
and demcJhstrated performance of new concepts are 
e^s^tial to SPAs to solve the problems of system 
design, system fundirig, and system accep.tance. 

The survey conducted as tlje basis fojr Jbhis chapter 
indicated that Significfant investments' are being made 
in improved understanding of both the operations and ' 
technology. of LMR. Some such investments are deliber- 
ate, as in Genetal Electric studies of* 900, MHz coverage 
in Dallas, Texas and studies of mobile antenna character 
xstics by .Motorola. , Other such investments are by- 
products of other cQjicerns/ such as proof of performance 
measurements by the*%.tate of Arizona and the devalop.- 
ment of better planning and analysis methods in Los ' °- 
Angeles County. Much of-, this information' is poten- 
tially valuable to many ^organizations within th.e ' " 
community and is'not proprietary. Wider distri'butioh 
of such information, particularly in uniform, format to 
planning agencies, would contribute to improved under- 
standing of the factors-' which .affect LMR performarice . 
and would foster more cost-effective systems, increase 
Sharing of facilities and spectrum, and thus remove 
significant .barriers to wider use of LMR services. 



Policy and Regulation- 



Two regulatory issues were identified the Task Pbt6e: 



o Affirming "the regulatory framework 'for the 
Special Mobile Radio systems. 
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p Sho/tening the duration. of the regulatory procesa. 

Special Mobile Radio (SMR) systems ; The Special^- 
Mobile R^dio s;i^s terns approach appears attractive to 
.those who. are eligible because the standards of opera- ' 
tion are less rigorous than for coiranon carriers . The c 
concept has been developed to entourage trunking, 
»hich IS 'required-..f<3r systems using more than 5 channels 
.But the extent -to which trunked systems will realize ^ 
their potential to conserve spectrum is clouded by the 
profepects of market response to systems with -lower- 
initial costs ~ conventional systems, conmiunity 
repeaters, and SMR systems with, five or fewer' channels. 

The regulatory framework fo;: these developments is 
essentially in' place, but action has awaited the results 
of a case pending l5efore the Supreme Court*. On May 24, 
1976, a Writ of Certiorari was denied by ti^e "Supreme 
Court, removing one barrier to action. Thus, the regu- 
latory barrier .has given way "to an economic barrier: 
the need to obtain inij:ial operating experience- with ' 
such systems to . determine: actual, costs and customer 
demands. Fc^r example, to what extent will users of SMR 
.systems detract from the -Radio Common Carrier markets? 

Regulatory Delays: ^Another issue, affecting growth, is 
whether the long periods to complete, the regulatory 
process can be shortened. More than 8 yeaifs of pro- ^ 
ceedmgs transpired' in FCC Docket 18262 regarding the' 
900 MHz allocation. The time i^BQuired to process 
I'lCense applications ^s another concern. * - • • 

As to the latter question, recent changes in FCC prpcedur 
have done much to speed up 'the p4focess; but there 
.remains the inherent responsibility of the regulator to 
let all, parties be heard. As examples of improvements, 
however, note that the FCC has recently announced a .77 
percent reduction in its domestic public Und mobile 
backlog in the face* of increased, applications: ■ 

As to extended proceedings on majbr dockets such as 
18262, a major cause -in the past appears to have *been ' 
the lack, of comprehensive,^ continuing planning. The 
recent establishment of FCC's Office -of Plans- and 
Policy is certainly responsive to this neecj. Neverthe- 
less, there remains dissatisfaction in the tMR community 
over the protracted decisionmaking process exemplified 



by Dockets 18261 and 18262.-^ The regulators still need 
current technical knowledge with which to plah and > 
• evaluate neV concepts and alternatives; ■ • i . 

Spectrum Manacrement ' ^ 

While many questions of international trade and -market 
influences exist, the questions affecting spectrum use -as 
controlled by international radio regulations are of 
particular concern here, while concern exists about the- 
influence Of current and future radio regulations^ on' all ' • 
iand mobile operations, those affecting tHe new 9^0 MHz 

^2 r,^""^ °^ particular interest. Both the international 
and U. S. table lof frequency allocations for LMR 
extremely complex in that: • . 

" , ^ « 

.(1) International mobile allocations are always on 
a shared' basis with scane other service, fre- 
-quently broadcasting. 

(2) Even^^ithin the United States, land mobile * 
allocations are shared with other services. * 

(3) Allocations in a given frequency band vary from ' 
one world region to another. 

* 

(4) The 900 MHz operations ^ th.e United States- will 
. be in derogation of the , ITU legion 2 (North" and 

South America) allocations tables^ ~ . 

Thus,- the burden insuring freedom from interference to" 
broadcast services in Canada and Mexico rests with the 
United States, .. 

« • » 

As a consegueifce , an unresolved issue is: , ' ' 

• » . . * -i - < 

o How to- improve the international allocations- to * 
.. J)rov;,de a more uniform fereatmfeht of land mobile 

opergitions. ' , 

/ > ' ' r , ■ . . ■ . ^ • 

Su<^ a <:hange would improve. -the world -market ' potential for 

IuJLxT^''^^^ ^^.^""^ f^^ equipment through 

the economies of scale available in serving' an iiiternational 
market with .common equipment. Such, revisions to the inter- 
national .table appear, difficult, parti/ because of the* 




relatively low interest. in or nfeed for LMR services at ^e 
higher frequencies by third-world cc^untries. Similarly, 
substantial pressure to retain tne broadcast allocation? 
seems likely* \ / / 

Tjhere is also^ a particular need'fo pippvide effective methods 
for coordination of the use of LMR in the ^00^ MHz band along 
the borders ^ith Canada and Mexico* Such methods should 
allow the maximum flexibility of use of 900 MHz systems 
consistent with protection of services in* the* neighboring 
countries. At a minimum, coordination methods, u^ed in the 
lower b^nds must be adapted ±o 900 MHz, . Even better, methods 
speaifically suited to the if^ band should be made avail- , 
able. A major barrier is th^ presently ^00 MHz operations 
are excluded in ^egion^ within 250 miles of the two borders, 
thus precluding service to 35 percent of the potehtjLal U. S. 
market area.- 



ACTIONS THAT ADDRESS THE 'ISSUES 



While no single cfrucial barrier to continued gr03^^OT^ yf ,the '* 
LMR community exists .presently , there remain a ntamber of^ 
unresolved questions that do con^tribute to slower progress, 
potentially more expensive services, and less tlian thejmost 
effective use of the radio spectrvim. These i'ssiies hav'^.been 
^introduced above. - . 

Many of^-the acti'ons suggesjbed here. 'fall within the ^scope pf 
responsibility o^ more than one^ organization. In most 
cases, cooperative efforts are imperative.. 

i ' ' • • 

' . ' , * • ^' ^ 

Needs and the Market 

n 

In c^r view, the most important long-range barrier to the 
growth of LMR services is the lack o^^^adio spectrum ca- ^ 
pacity, despite the recent provision of an a'dditional, 115 
MHz. ' \ ' , - ^ 

Overcoming suqh a barrier may be accomplished by pifoviding 
additional 's^i^trum cfr by using that ^pectriam already availa- 
ble more effectively. Jk balanced approach to the problem 
requires, careful consideration of/bath approaqhes . 
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the 900 MHz band pro- 
SffL^^S''?'^ ""f^^^^ inutiediate future, although 

to ^S\o'f^'' °' "^"^^ ^"^^ '^^^ ^^^^^^y encouraged the Industry 
S u ' ^^^^"^^^^s ^bove 1000 MHz to meet long-term • 
needs.- However, substantial interest remains in providing 
more capacity m the^lower bands alsb. "viamg 

Thus it is recommended that: ' - . . • 

o Spectrum administrators at the national level 
should intensify research on the "economic and ^ 
soci.al value of services provided through spectrum . 
Huse with the objective of providing- a more rational 
basis for .spectrum allocation,* 

I^^v'^r'^r ^!}°''^^ warned, however, that it is/no easy 

tuoh wn.w '* ^""^ "'^"^ results of 

Such work receive recognition. . \ 

o ' 

V * * , - • 

♦ •' 0 < 

* - System Development" and 'l^erf ormance - 

- .^Performance Measure_s: ~A second approach discussed 

- above involves development of better understandina of 
., the interactions between LMR systems sharing t hi I aSe 

. 'Channels, geographic , s.pace, and costs. - '. 

,While trunking'and cellular -systems are progressive 
steps tpward increasing the capacity of the radio 
f?®^^?^? ^^^y '^^ assist u^ers of t#e more tradi- 
^'JJ^^PP^^ices. A critical need^ is' the development of 
effective definitions, of the "'Capacity" ■ of a radio ^' 
is-- ..chann^ and of "system performance" for LMR systems 

With such definitions and related means of - measurement . 
the development of IMR systems could proceed mpre 
rationally. Alternative means. of increasing the 
capacity -of . radio channels using new .technology or 
alternative methods of frequency usffl|knd assignment can " 
be evaluated anaT compa^red. * . .-M^ 



.It is recommended that: 

o Telecommunications authorities should foster research 
_ ^ . .aimed at providing effective definitLwi an'd methods ' 

of measurement of system .performance .^Ir LMR systems. - 

^o Telecommunications authorities should foster research 
. . ■ aimed at providing effective definitiori^d methods . " 

6f mea'surement of channel capacity for^XMR %systems 
• ^ '' , '- •' ■ . * 
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Such definitions -and* methods should be applicable to * 
eioth frequency and geographic sharing situations. Re- 
sults should be used to ^evaluate capacity an<^ performance 
of current* systems and to. assess the _ benefits of alter- 
nat/ive techniques for meeting future needs at jninimum 
spectral cost. -^^ . , * . * 

Long-Range Planning ; There is ^increasing activity at 
Federal^ and St^te levels of government in long^-rahge, ^ 
^planning for improved, more ebohomic mobile radio cdm- 
municat,ion systems. One aspect of the isstue i-s that of 
insuring that^ Federal funding is used to encourage the 
development of integrated, spectrxim efficient communi- 
cal'ion s^tems meeting' the needs jpf several State agencies 
byjsharing facilities. Another asp^t is provision of 
better, technical, cost, and operational data to all 
those active in system planning. 

One way of addressing' the^latter aspect xs through the 
development of a land mobile design reference guide or 
handbook. Such a fundamental reference covering the ' 
current state of the art, particularly in the new fre- 
quency band, is not available and does not appjear likely 
to be in the ^forseeable future without Government en- 
couragement. This handbook should include basic iri^or- * * 
mation..,aboi^t LMR technology andXsystems. It, should also ^ 
include information about j)lanni\ig new systems to ,iT}^et • 
^"sp»ecific requirements, evaluating policy^ alteratives 
*a^phey arise ,for medium- and lorig-rSnge p 1 ann ing^ and 
preparing integrated procurement specifications.'*^ 

' . ' . ■■ * ' " ^ 

Thus we recommend that: ^ . ;^ x , 

o The LMR community should press for an ^teg.rated 
approach to Federal funding of lopal LMR projects 
with' incentives* to experiment with cost' or spectrum 
saving concepts. , i» • * 

/ ' . ^ ' ' * . ' f'" 

In addition, no formal recommendation is needed to^ 
-point out titet it iis^iri the interesjb of t^he IMR com- 
munity to press for improved mechanisms for the exchange, 
^pf operational and technical ejxper^ence among* us5r 
groups . 



The major regulatory issiie.in LMR is tUe long delays which 
^ occur before decisions can be reached. might reduce 

delays in decisions invblving technical matters if the FCC 
could receive submissions^ of improved objectivity and 
qpfality relating to trade-offs, and -alternatives , including 
^ their long-range implications/ Additionally, we recommend 
that: . 

^ o .FCC should considen^making more use of. informal 

^onadversary distiusfeions' prior to formal hearings 
^ in order to* reduce the scope of-'issues to be' 
decided by the formal hearings. 



Spectrum Management . 

Most of the internatipnal questions bearing on the, growth 
of LMR revolve ground- innovation, marketing, arid demand. 
These are, properly deft to the' operation of the market- / 
place for 'answers'. «• - , , / 

The major issue that the market cannot resolve is the dis- 
parity between international and U. S. ° allocations, 
pafticu^^^rly at 900 MHz. As a result," planned U. S. use- 
of -the 9(X0 miz band for LMR is const^rairieS in the 35 per- 
cent of the continental United States "kl'ong the Canadiah 
ar^d Mexican, borders; Simi jar '•problems- -exist iiv other bands 

The recommended action is thaj:: ^ \ , . ' . ' • * 

o The United States should formulate and present 
the strongest possible arguments for advantageous 
revisions to the dnternatianal table of frequency 
. * allocations, especially in the 900 MHz band, at 

the U979 yiARC and. in subsequent allocation ^actions'. 

IMPACT OF THE PROPOSED . ACTIONS - ' ' ' > 

,The most general impact produced by aggressive response to 
^:he actions proposed above will b^ an . inci^ase in spectrum 



capacity achieved in ^'^more orderly /ashion and with giteatjer 
economy than wQuld othp^rwis^ be obtained. Some sp^cltic 
benefits to be expected from I^Rese actions include: 

^{1) Mor^ .effective sharing ,of fat:3ilities and radio 

spectrum.' ; / ' " y ^ 



(2) Provision of 90A MHz services to more.of'the 
35 percent of .the U. S,.. area now i^ncluded in the 
250 mile coordination zone along the Mexican and 

' Canadian borders. ^ 4 ' 

(3) Greater flexibility in the use 6f -L^R in^border 
areas . ' • 

^(4) Potentially greater markets for land mcmile manu- 
facturers as ra-<^io regula^iions become mo»e uniform* 
internationally. ' * * - 

(5) .Improved confidence in planning at national, state, 
, ^ local levels. 

(6) idore productive use- of Federal monies spent at the 
.local Iqvel .through better coordination among^ ^ 
Federal /agencies. ^ ' . * - ; 

(7) Greater ultimate productivity of -thfe LMR s^ctrun\. 
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H. Broadband ■ Communications Netwqbk5^ \ ' ' ^ . ^ 

STATUS OF THE FlE'fiD 

The term "broadband communications networ-ks" — in the sense 
used here- — embraces most telecommunication networks able 
to transmit high information rates to many^sers in video, 
audio, or digital data form. Geridrally, such systems 
have oy potentially could have — bi-direoMonal capability^ 
When the future of broadband is discussed, i^^s usually ^ 
assumed that the many services it might off^er would transcend 
entertainment services via CATV and bver-the-air , or the 
services now provided by the telephone companies', while 
, continuing to be based on these infrastructures. 

Toward the <end of the 1960's high hopes were hSld for the 
imminent expansion of broadband nonent^rtainment services. 
Quite a few year^ have gone, by since those days of entbu- 
3iasm with only a few .hesitant ^ steps taken towards achieving i 
the, promise of broadband systems. In fact,A^the steps', have 
- amounted to little more than pay televisipn^for movies-and 
sports in certain cities; some optional and limited pub^^ic 
access to cable facil4.ties for the birigination'of program-^ 
ming;'very limited 'cable educational services; computer data 
transfers; an assemblage of . studies ; and collection of ' ' 
specialized, fragmented/' and small-scale applications, 
experiments and' demonstrations^ 

No major trend toward developing a "wired nation"' is visible. ^ 
The, lack of progress is attributable to reasqps. that are , ^ 
diverse, complicated, and not unanimously agreed *up<^n. 
Thesfe", include less than conclusive res-ylts from a numbfer of 
demonstrations, inadequate ihcentives for industry invest- 
ment, uncertainties as to^user demand, ^and regula't^i^ con-: 
straints; In addition, 'it is unclear whether the telepKfene ' * 
industry, the CATV industtry, or Some combination of these,' 
will eventually fuflfeish such services. ^ • • 

The CATV Jndustry y * - 



To most people, broadband telecoipmunications into the hom^ 
is just about^ synonomous with cable television, or CATV* As 
'CATV is perhaps the most '^conspiciiou^ df 'tWibroadband . systems 
now on the market, some statistics as to Its .growth and 
standing are in order. ^'.^•'^ ' - 
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'She cable television (CATV) industry as of January 1976 
coitsisted of approximately 3400 local operating systems 
serving around 10.8 million househ^ds; this is approxir 
mately one-sixth of all U. S. television households; Est^-/ 
m^ted annual income from subscriber - fees was around $770 
million in 1974; ^mostly for retransmitted television signals,. 
Plant investment is approximately .$1. 0 billion/ In spite of 
sanguine projections gf.Qnly a few years ago, the cable 
industry i3' jiot jgrovlLng'' according to expectation^ --Prom 196'6 
t9 1975, the ^owth rate in -the number of CATV systems has. 
dropped from about l3 percent, to about' 2 percent per year, 
while growth in subscribers h^s dropped from about 33 percent 
to about 15 percent per year. Heightened interest and 
opportunity in" Pay TV in the last yeair'tiis probably imprdt^ed 
these gjji^wth rates, although there are .insufficient data to 
establish trends at this time'. 



At this writing, the CATVL indust^ry is providing almost 
ent^irely one-way entertainment services. Entertainment, 
however, is not pur interest here. This section will con^ 
centrate on two-way ^ nonentertainment services to .the home 
and to institutions, such as public^service brgaEflzations or 
businesses. Entertainment services will be brougjit into the 
discussion only when they haVe a' bearing on the prqvision of 
non^ntertainment services, ^ ' ' ' 

^ \ Services to thQ Home 

%' 

A variety of. broadband nonentertainment Services to the home 
hafe been envisioned; these* jaaigJit^e„prov^ded- eJLther by^he— ^ 
common carriers or by the CATV industry: 

(1) Education (a.dul-t education./ correspondence * 
' schools, computer-aided iostructidn) . ' > . 

{2) Business/ conducted from home^ via interactive . 
^ terminals (paid-work-at-homQ , community . 
typewriycers and business m^chipes , , access to 
company data files), > ' * ' 

(3) General information access; (catalogs, magazines, 
wire services, -transportation schedules^ 'financial 

• - reports^ librafiesfT" 

(4) Shopping and- !nerchandis:^ng services* 



(5) ^Transportation and'^avel (airline, bus, railroad, 
hotel, theater, and ca^r cental re'servations) • 



Banking and funds ^transfer* ' ' 

(7) Alams^autid surveillance. T'' * ^ 

(8) mblic services to help the handicapped arid the d 
"disadvantaged.^ * 

Yet, two-way services ^to the home have not^Iveloped in an^ 
substantial way. ' CATV ^ systems are capital intensive. As 
they typically emphasize enterteinment services, they devote 
few resources to developing the other services cable can 
provide. The CATV ibduetry has linderta^ about a dozen 
• pilot demonstrations of tWo-way interactive broadband 
' communications ^s^rvices at several^iocatioiis in the United 

States. These include, among others, Cairpenterville and 
- Crystal Lake, Illinois; Columbus, Ohio; Dennis Port, 
^ Massachusetts; El Seg'undo, Calif orni^; Irving, T^xas; Los 
Gatos, ' California;' Orlando, Florid^; Jonathan, Minnesota*;- . 
Overland' Park, Kansas; and Res ton, Virginia. In addition,' 
several manufacturers hav^e developed, or ha^ under devel- 
ment, two-way cable systents using digital data communica- . 
tions to implement ancillary cab^e services y , , ^ 

'Per:haps the most intereis^ting ^attempts to provide^two-way ^ 
broadband, noriehtertainment services to the.h'cSie via CATV 
are to be^fdund in certain n^w towns. Iri addition to 
convent ionctl CATV .services,' these new town, systems provide 
alanji services, ihcluding medical alert/ j^under central ' 
;com^ter__^m^agemejit tp members of the neWv^town communities. 



t In one in^tanqe, arrangements were made with the local J 
insurance^ underwriter to allow slLgnificant* rebates to' ""^^ 
subscMbers of the. alarm sfervices. Examples of new' town \ ^ 
broadband *communi'c^"tions systems incltlde Rossmoor!s Leisure 
^ World in Mes'a-^Jiirizona^' and Coconut Creek, Florida; Flower-^ 
- 'Mouijd New ToWft near^^Dallas, Texas; the .Woodlands at Conroe, 
Texas; and Gateview at Albany, California. The' Japariese ' 
have been developing tem^inals For the new towns of Tama, and 
Higashi-Ikoma thaf^will be tested 'in 300. homes starting. in ' 
1978. "The two-way ^ pilot program in the hew * town of Jonathan,' 
Minnesota, partially supported by the Department of Housing 
* and U^bah Development, is no ^onger^ in of)^raticin. The Mitre ' 
Corporation successfully operated a system call'fed ^CCIT dt 
Reston, ^irginia^ which' involve^' Jiybrid CATV- telephone 
coinmuni cat ions. ' * - • ' • . - ' * 



ERIC 



4^, 



Institutionk^L .Broadband Comittunicatio ns ' ' 

While broadband services to the home have not developed in 
ariy significant way, they appear to be advancing for insti- 
tutional^^.commercial use. Again/ both the common carriers 
and CAIV^Bpis have a hand in these applications, A few 
examples fCxlow: . ^ . 

^ * ' * 

Urban Administratron : Applications^inciude police, 
fire, traffic, and city administration; ^The city'o-f 
Colymbus, Ohio, with three Active CATV' franchises, has 
built an additional independent 12-mrle Qa^ble system 
dedicated to traffic 'control/and surveiljanee.. In 
Philadelphia, Pennsylvania, teleconf ef^ncing vi^v a* 
dedicated two-way cable system is used for law . " 

enforcement and criminal justice while, in Phoenix, 
Arizona, videophone over telephone circuits, is used/ 

^. for similar purposes; the New Yorl^: Metropolitan * 
Regional Council operates a two-way microwave facility ' 
with\l3 nodes of or urban administration' conferencing / 
under, the National ScienQe Foundation sponsorship; 
^partinburg. South Carolina', is training day-care- 
worker^; an^d Rockford,.^ , Illi€3^is, , is . tit^ining;, firemen'. « 

^via two-way cable. , r. 

, Hctepitals and Health ; The Veterans Administration ^ 
.has wiredv/and is continuing to wire, its hosp^itals ^ 
for speciai^3.2ed broadbSind^seirvices (1 .e/, ^other, than 
entertainment).^^ Telemedicine ejcperiments "sponsored . . 
by the Depai^tment Health* Education^ and. Welfare ,^ 
have led to Continued. use of two-way ^able fo^^ patient , 
care and TV consul^^ations between hospitals ahd neigh- 
borhood clinics. Microwave -Is being used for video 
information transfer among hospitals and for tele*- 
. • -conferencing ^ong hospital staff . A ^ 

Industrial : « Two-way broadband systems have been in- 
. stalled in factories to prpyide. functions such as 
' inventory control , "qtiality control, teleconferencing, 
su;:veillance, *s,ecurity alarms, and .training. Examples . 
are Chevrolet and Oldsraobile^ DivisiorTs of General^. 
Motors ,^'America/i Motors 'Corporation,, Dow- Chemical 
Company, and RockWell international. - 

. Commercial : The Mitre Corpora^tion has developed/ an" • 
intramur^al dual cable two-way broadband sy|J;em (MITRIX) 
to transfer' high-data-rate digital information as weil 
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as to ^'provide capabilit/ fot frequency divi'^ion ' 
multiplexed "switchless" telephone and delivery of • 
standard TV s^rvic^s, .including Ipcal origination of " 
programs." Commercial buildiligs such as the Sears Tower 
in Chicago^ EXXON and CBff in New Yo^k, and U. S. Steel 
m Pittsburg hav^ cable trunks ' designed , into the 
building. Data exchange be^iween the main office and 
the branches of a major New' York 'City bank is being - .,• 
accomplished at High data rate ovecc a dedicated 
CATV channel. The British Post Office is ^testing a 
number of information services, such as Viewdata, as* 
adjuncts to television signals. . = 

' Wired Garrison ; The Army (through Mitre Corporation) 
is near completion on a design for an Army Base Informa- 
tion Transfer ^ystem (ARBITS) for administrative/ * 
training, .security, and • entertainment uses on military 
bases. ^ The Navy .has TV distribution capability on 
160' ships, 138 of ^ which have additional broadband 
Shipboard Information, Training, alfid Entertainment 
(SITE), capability.^ . . 

Education '; (fx^iiost of Closed Circuit €elevison (CCTV) 
app^licatiqn^r^an be cited that involve..^ elected channel 
viewing of : video tapes Universities and school districts 
are u'sin^ , dedicated channels on CATV'for scheduling and 
training , pur pose^^ The National Science . Foundation is 
sponsoring dev€^Iopment of a 'TV- high school course that'' ' 
can be taken for 'credit at iiome. The *Xerox training 
center has ^a system linking' 2200 outlets in classrooips 
. and dormitories. A ftirther example is- the use of 
computer-aided instruction using .telephone networks, 
as in the "PLATO" experiment. . . ^ 

Social Services ; ^ The National Science Foundal\ion is 
sponsoring projects, for teleconf erpricing among insti-^ . 
tutions f^r the elderly and among day-care cent'ers,^ \ 

Information Retrieval ; A n\imber of companies have * 
developed*. remote access, 'computer-based information 
retrieval systems, mosljly for abstraQts of published * * 
.documehtsl Adcess is vi-a common carrier or specialized 
common carrier communication links; * v ~^ * ' 

In a recent report, ' Mitre Corporation cataloged a signif icaht. 
number of institutional an^ cJommercial'- applications of 



■ 77 • 84 



broadband serv.ices that are delivere(^ by CATV, CCTV, telephone, 
microwave , --and broadcast raciio. Some of the programs cat- 
aloged have terminated. Others are/ still being evaluated. 
Many have survived. (See tables 1 through 6 in appendix D, 
which summarizes Mitre's findings.)/!/ , < ' . 

" i * ' / ' '\ ^ / • . 

In the Future? • / ' 



Based on analyses he, conducted *in 1970 at the .Institute for 
, the Future, Paul Baran 'estimated^ that by 1990 the market of • 
one- *and twb-way broadband services could produce^ $2^' 
billion in revenues alone. 2/ ^ ' * * 



This indicates that the market/for broadband goods c-and 
services taken together could total $30 billion by that 

date. ^ 1^-.-- t..^ _^^_.__./. 




over, 
soc 

work-at-home centers. 



He predicted that 



lit;tle forward 




motion would be observed along Jihese linfes before 1980, more 
because of institutional th^n technologifcal 'lags. And 



indeed, tl^is seems to be 
out*** (See tables' 7' and 8 



hfe way 'the situation i^s working * 
~,n appen&ix D.) 



B«^an's projections were 
survey on the future of" 



irrived at as part of a btoader ^ 
le telephone industi-y. Marketing 
studies on CATV by Stanfcird Rtesearch Institute, while not so 
optimistic as the Baran Estimates, and limited 'to" the CATV / 
industry, nonetheless' iridicate a total market; of $5 billion^ 
by 1985. . ; 



Broadband* communications for nonent'ertainm^iit purposes is^ 
therefore in the disc6uraging situation of ekperlencing 
s.luggish growth after having been the object of pptimistiq 
forecaistiijg. The situation is kdmittedly complex -and highly , 
re^stant^to quick cfurefi. But nonetheless it is poss^i^ble to ^ 
identify some of the ^salient problems besettj.ng the field 
and to suggest actions that might; addreijs them.-. 



it-- 
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1/ The Mitre Corpora t'iii^, "System Def inition .foaiArmy Wired ^Garrison . ^ 
C-E Design," Volume III - i^pendices (¥ort Huachuca, Arizona J- 
U. S.^Army Contiminicatjions Command, July 1974.) , ^ 

2/ Baran, ?aul, ' "BroadTBand 'Interactive Coiqpiunication Services to the 
Home: Part I — ^Poteotial Markfet Demand," IEEE Dtransaetions on 
Communications , January, 197.5. 




ISSUES AFFECTING GROWTJJs 



As npted above, nonentertainment broadband services — both 
to the home and to pul^lic And coinmercial institutions — 
represent a potentially huge market, measurable not^only: 
in telecommunication griffs but also ift equipment sales. 
Yet, the growth of these services ^^as b6en less thafl impres 
'jyiis is 'especially the case with broadband services to the 
home, which are .virtually nonexistent.' Services to public . 
and cQpunercial ir^titutions/. while not flfoving along at a 
pade tha\ some had^ expected, have^made.at least .some head- 



save. 



wa^ 



Needs and the Market * 



This disappointing rate of growth in ,broadband services is 
in -good ^art attributable to the lack of' a clearly-defined 
market demand. -I^- seeihs apparent that until this market 
demand is established in •at least an. initial way 
industry will not make^'sub^tantial investments to ^rovid^ 
these. services; f , ^ * r ^ 

Broadband service in general, and the Cififv^ industry in 
.pa^rticular;, -then, face* the classic "chicken-and-egaiirprobiem. 

The Cabinet Committee ori Cable Communications assessed the 
'situation i^n the ^following terms;*' 

^"The" demand for these ^ervi^es depends .heavily on their availa- 
' bility; yet few*poten4ial suppliers are willing to accept the 
' ^ ri^k of developing hew seVvipes' without significant ev.icience 
of a market demand for them, v 3/ - ^ ^' 

Two issues- emerge f-roftu this situation: • 

» ^ ^ " / r ' 

•o How Gan it be est^lished that a m^ket exists for 
broadband ii*nentertainment ^servxce^/^^ the home? 

Q How can the growth of broadband se^ices' to c 
^ mercial and public . institutions be* enhanced? 



}/ U.- S. Cabinet Coirimit^«:e_i2h CabjLe 'Coiranunicatipns, "Cable: Report 
to the President" (Washington, d. C, U. §. Government* Printing - 
OffifJfe., 1974). . - '. 
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The reader will note the difference between "establish" and^-'' 
"enhance.-" - The^two tferms express thje' difference between '€hd 
degrerds. to wJiicR broadband 'to tlie hobe and' to. other institu-' 
tions ^ace the "chicken-and-egg"- obstacle. The problem is 
' more intense in ^the case serva'ce^., to the' home. It does ^ 
not apply so severely to sein/.^dfes to gover|iment agencri^s ^and 
^sai^ses/ perhaps owiftg .#5;the. ability of' these organi^ 
t'oAft^ tq^G al fe ula to t -teif needs more precisely according to ' 
•the criterion of cost fef f ectiveriess-. / 

Th^ two .issues stated above raise art, important q^uestion: ' 

. ^' ^ ' ' . C 

o Is a demonstration needed to overpbihe tix&-'^''^'"icken- ' 
and- egg ".-problem"? ' - •. * 




This question, in tUrn, . evokes many ' iubsidiary considerations 
JFor example i What wbulQ be the scope", and tlie nature"^ of' the 
demonstration? Hhere woilld it be located? Who would orgaiidze 
J^^P would participate in. it? " HoV would ^it 'be .eyaluat?ed? 
yqnm It discrimirtate against segments of the ind^is'try €hit- 
.already haVe^heavy R&D coirahitmenti? r ' ■ . 



Systeml Development ana R ei^gornmnce-. - O ' • ' 

The .present statiis;pf Jbrpa^band communications raisBS ^n 
issue^ that is more "technical in nature i:han the market issues 
discussed; above: ■ - . \ ^ . . , ' ' ■ . " ^ 

'O Will bro^dban4 'systems hav^ t-h.e Jteehnical' ; . 
... perfo^nce c4>abieVo^ meeting .fke oarriage ^' ' v. ^ 
^ • re^cifarements pf these em'er^ihg services? - 

* The .technical design of \h particuia,r^^st;eni is'ct^'igh'ly de- 
pencJent on the nature antk riumfeer o? "SefvlJ^e^^ .to be^rsupported^ 
Systems now ^ayiding /spefcik^ ^erviQe.s -functioa well " ' 
because they are either tglati^^ly iharrOw band gr' cg^r-efuiiy^ 

* d^sigiiied to acepmmo^aHt.e cef taih^ spedif lecXT^^ervices^^ -However, 
'^augmentation of- s^rvicefr.jDn thdse"sys^m^^^^ td ^ . 
potential design'. difficulties, -^r :eS^a^ple,_ ak new servic^s^ 
are add^d, it become^ i'hcr6a^iiigly .^iffatJult ^^ accommodate 
them as the design limits .are %proia'cH^\ A'ddii>.g a-lSth - ^ 
channel to a 12-channel. syijtein/ oj^- the 2ist\channel to /a 

-2p-charinel sy^stem, may req^ire"^ investment la an • entirely \' 

n-ew' parallel system, or 'a total tetrof it^^.at a. cost equi^?^-: 
.alent to the^^^origij^al .systeftu-cost . , . ' N ^ ^ - ' ** ■/ 



These engineering difficulties encountered in providirt4« v 
augmented servic^es emerge because in^the design of br^d- 
band systems there are ,a significant number of engineering' ' . 
trade-offs* The^e trade-of^3 involve: bar\dwidth requirements; 
amplifier linearity, noise figure, .and spacing; frequency 
allpcation ot spectrum^ space ^ in the system; degree of cable*' 
attenuation; the .length o^ the cable run; dispersion and : 
time delay; accumulation of noise; accuinulation of intermodular 
tioc distortion and interference- effect^ ; system topology; and 
reliability. ' ^ " " ^ ' 

In general, costs and design difficulties escalate rapidly 
witfh increa.s^s in bandwidth requirements "^rid system -loading., 
Systems are therefore designed to 'meet current or "p^erceiv^d 
near-term requirements. To reduce^costs , * the ultimate 
bandwidth capabiJLity is oft^n sacrificed. For example, - 
although cable technology' will allow bandwidth of up to 300 
MHz, the design of a 20-cHannel system will very likely be 
limited to a 120 MHz capability.- - ' » 

This point eame- thrqugh clearly in the report of the Cable 
Television Technical -Advisory Committee (CTAC) to the FCC, 
Panel 9*, which states: , ' . ^ . 



, In any system the addition nevr services increases not only^. 
the spec1:rvim utilized but. the to^tal signal power carried in the 
system. The oiumber^^of possible spurious frequency combinations 
, irrcreases very »ra£5idly. ' The n^t result may be of serious con- 
sequences when tjiere'is not enougl^ margin, .left in the design* of ' - 
the existing plant. This condition /has bejen encountered by many 
sysjiems when trying, to activate*" ^he'feidband channels Where pre- 
viously only low- and high VHF channels were carried." * Great design 
care and increased system monitoring and mai^itenance will be' # 
nfece^^ary in proportion to tihe extra system- loading* incurred. j 
In some cases amolifier r^snacind* anrJ/nr fpnT;^r»PTTii»n^- 'ttiaj^ ' / 



In ^me cases amplifier r^|pacincf' and/or replacement 'ma^ 
be necessary. 4/ , - * 

^ " - . .1 

The fragmente<i> structure 'of the CATV industiry makes these /' 
technolojgicral issues of special significance .to it* ThJee V 
questions are of special concern .to th^t industry; all o*f 



.zed 



service delivery? : (2T^i^tW^^^f%tem design pi^lem^ that 
will impede growth, unless iresoiye|^'? ' (3) .What nfeeds *to be' 
done to a'chieve long-distance interconnecting of OA^, brqad- . 
band syst^^s for serving Vboth^prban ah^, rural areas?/'' 



■^4/ Federal Communications Commissibns/ Cab^e TelevisidryTechnicaJL 
Advisory Committee Report to the Federal Commxinications . 
"' Commission —^FCC CTB 75-01,^ I^ay 1975^ Vol. 11, J>art 3, p.. .679. 
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Technical' problems cited aboVe are neither exhaustive nor 
^unique to cable systems'. They are common to all broadband 
systems, involving a ^multiplicity cTf users. Other issues, of 
equivalent {Proportion can be expected to require consider- . 
able at^erition in- the coming decade.. Among these are:' 
^ assurance of adequate security and privljby measures for both 
private and bus^iness^ users; compatible Sfcerface standards^ 
and specifications to facilitate $ys1^pm"interconnectioi%6i . 
and the development ^f low cost, compatible user 'terminals. ^ 
• * Indeed, telephone systems have- had some analogous problems; 

and fibe;t:, optic^, systems, when they evplve, will have to 
. .overcome similar difficulties^ v -jl 

. . ' ' ^ , / . - L . 

• This technical issue ^ of course, is merely another . facet of 
th^ "chickgn-and-egg" predicantent; . it is unrealistic to 
expect indtistiry to increase, or to ^Iter Its, present communi- - V 
cation, plant on ^ the t>asis of a menu of ill-defined, tentative,- 
"blue-^ky" services that may or may not materialize at a 
reasonable future ^date.- Yet the slow rate of *such industry • . 
irfvestments contributes to-delaying the arrival of i^e -very 

, 'services that\ justify plant expansion. * 

' ^ ' ' ' \ / ' • • . \ 

\ ' • Foidcy aSid Regulation ' ) - 

, ^; ..^J. ' ^ / - ' - . /I* 

• , ' • * ; ^ ' . ^ ^ ' . ^ ^ . . \ ^ 

^ Putting, asiiSe^arket and performance^ issues' that migh^ be 
addressed oy. a derilon strati on, and concentrating momentarily 
on broadband ser^ces to public and commercial institutions'^ 
. ^ another- growtli-ihhibiti^g factor is at* w6rk. This problem 
, centers x>n the con's truction patterns of the CATV industry* ^ 
' ^he industry, is reluctant to place its cables anywhere but 
in residential area&f i-e., where the entertainment jnark6t 
■ is. It is. not eager to build ■ cable system^ downtown — where* 

* most public and cpmraerbial organizations ar^e locate^l^ — 
."because there entertainment subscription, woijld be low and' 

« cable construction co!sts# high. Cable netvor^ks designed to . 
^erve th^se institutions, therefore, might -have to develop 
,ap^rt from the traditional * entertainment networks. , 

' A study of the cable' needs New' Orleans is pextihent to ^ 
this topic. \The analysi^ ^concluded* that the -city would' , 
require twa system^. ^ One vould pyov^id^- enter tainmentf^and 
other services to hbmes and' would featuis^e littl§ home-^to^ 
. source, capability . The other would alJ.oV-^or 'full two-Way 
'capability *and would 'serve institutional, urban governments * 
and commercial services. I'he stCdy indicated that while the 
.former woiild npt be financially viable ttie lattei? would 

- \ • , / . v.- 
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A recent decision ^by the^^U. S. Coi^rt of ^ppeals^for the^ 
Distric|: of Columbia Circmit also relates to this subject. 
In*the case NARUC vs. the! FCC and^U. S. (February 1976), the* 
court ruled that FCC preemption of jurisdiction over intra-/ 
state, point-to-point, nonvideo, leased channel- use c>|* qfable^i,.- 
was invalid. With this ^decision, carriet^ .other ^than^ the-^^'^ 
CATV industry may decide to provide local bro^band services* 

It is clear, then, that the issue of what -t:ombination of 
services broadband systems ideally should' of fer is sti>r^ Un- 
decided. This ^"situation pose%. a question: Would development 
toward Separate entertainment and commercial pr institutional 
networks be a sound direction to take? 

Turning to the sphere 6f regulation, two additional issues 
arise. The first haa/tb do with the relationship between 
the two major categories of broadband services^ to the home: 
entertainment and nonenteiftainment- ' . - - . ' 

Wh.en , both, enterta^inm'ent and nonentertainmqnt services "'^re 
carried on a common CATV, system, the 'result is Economies in V 
capital investment 'and operating costs. A -fur^neif. result is 
savings for operators and users. In fact^^it^ay not be 
economically feasible tp try* to bring nonentertainmenl; serv- 
ices to the hom6 without entertainment seryic'es .present to , . 
serve as an ^economic base . T ^ 

On the, Hither hand there/are signs that suggest that "if ^ , 
nonentertainment services ^^e to grpw/ they must prove 'their 
Vorth indepeigpnt o£ entertaj^jiment bfferings! .Forfdespi'te 
the apparent^i^cbnomies of scale, nbrtshtertainment broadj^^nd / 
services are nojt developing even on profitable ca,blq enter- 
tainment systems. , One analyst/ppt it this^ way: 

• 9 - \ t * ^ • ' ' ' 

.' 1916 argument develoged in much of) the literature, --"^that as 

systems become profitable they Will naturally develop public ' ^ 

sep;^ic§ programs — simply, has not Jheld true. 'Many profitable * 

^-.^ systems 'have never instiAited such 'progtams ^ Other systeti^s • . ' 
that have penejtrations well above the expected profdt-geperati:!^ 
point' of 40 percent, discqntinued their ^rograltj^^j|k.g. / "Wilmington, 

i D^lawiare at over 60 percent, Santa -Rosa^, at over 8Qh percent). It 
is clear that if natural experimentation in social and/or public' 
service delivery is tc^ develop ~ even, in a^techno Logically limited 
mode it v/ill ji^ve to be deve lop^ by agencies otmer 1#ian cable 
^ systems. V 0- ' ^ ^ . , . . J J " 



5/ Kay,'^eg/ "Social Services and Gable TV,/?* Cable ieleviisign Infqrma- ' 
tion Center, NSF/RA-76bl61, Rep<Jrt to the National Science Foundation, 
undei^. Grant" iJo^APR 75-18714; July 1-97 6> p. 11-35 ^ * ' ' :U 

^ ^ , . • 90. • 
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Thus, the question- of whether ^ATV entertainment services ^ 
-are' po'tentially .valuable to ,ihe development of Tiorientertain- 
^ment Services must be left Unanswered, \ks the evidejabe is 
inconclusive .arid, in a way, contrAdictoW. As a rfsul^:^ it*^ 
is impossible^o say with an^ conf id'ence^that the lurrent* * 
regulatory restrictions on CATV represent a significant ' 
barrier to ^the provision of nonehtertainment broaSband./ 
tjfee c^ue St ion ^remains as an i>sue^ that might be started as 
follovs: * i ' • .'^^^ ^ \ 



But 



To what extent --- if ^ny -7 *would CATV deregu- 
lati^on a'id. the gtowth -of nonetertainment broad- 
.band services .to. the home? - > ' " 



The ^second regulator^.^ssu^s 

«^ V •» J**^ _ A— - ^ 1_ * _*L JL— _* 



ims fi^m the £a^t ths^f a 



number; of nbnentertaihfnent' '|^gyices r- especially ^^seW 
involving audio -or low-data-^rate ^digital comiliunicaMbns ^- 
can readily be transmitted ov^f tele|>hone circuits.^ The'' 
issue^ is : * . • * , vr' ' 



Which of the broadband services should be er^cour^ged 
to grqw on the basis qf t^Ov^common carrier>Zteleplija 



infrastructure., ^ the CATV /inffastmicture, 01/ 
combination' of thfese? - \ /' . - * J" 



some 




ACTIONS 'that .ADDRESS THBt ISSUES^ 



The proposed 'actions are divided into three categoiciesj the 
need for a dempnatration,' regiala^tion', 'and t^j(^ical ar'^as.- 
These correspond to the brealidowri of . the issues, di%cuss'^d in 
the preceding, section*.' . ' ' - - • • ^ - 

It is 4^orth reemphasizlng thSt these^ actions are ^jit forth as 
subjects for discussion among Go'vermnent;' indij^try, and ^ , 
usersA This dial(|^gue shopld' be consfd^red p^t of the ^ ' ^ 
process of compos^g national teiecommunication agenda* ' 



Needs and 'the Marlcet 



^ demonstration /of broadband services to business, public 
institutions, and homes i^ needed. We strongly believe .^thatf' 
industry should ''take fhe initiative in 'this and;, moreover, 
should manage the project. V-To .begin the process:/^ 1 ^'-^ ^ 



Industry iShould establish a group composed of 
ijjjidustry, institutional Users, and providers'\>^ 
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public sector services to plan and finance a* . 
demonstration designed to reduce the poesept 
uncertainties of -market demand and economic 
.viability. - ^ ^ ' , ^ . * 

Althougb industry shoul^be the "prime mover" in ±his matter/ - 
economic wisdom wouXd^e em to dictate that many 'services — ' y ' 
not just those relevant to business — , should be demonstrated. 

• in combination. ^Only together are these services likely to 

4 prove their economic yialDili^y* Together.^ they:rCOU|;ird^ display 

thef economic advantages pf shared costs and/ would- permit a ♦ 
y demonstration larg'er^in scope thaa has be^n Customary in . 
Governmentj^and industry. • . ' ' ' ^ . ' ^ 

But \^at does, "in combination" me:an in this context?, First,, 
as regards services to the home, it implies that; the dehion-' 
stration/should. incorporate a large number of varied serv- 
ices. Since ^current Assessments ^'contend that p6tential ^. . 

• home-|jKn.er demands are .likely, -^o 'be diverse, any demon str a-' 
tion that does not reffec^t t;his diversity probabiy^--d^stined 

• * to be a failure. Many previous demonstrations may h^v^ \ 
' .suffered from exactly this defect. , ' ' _ : 

"In combination", a^rsb ^|iggests'*that the^ demonstration, would . " 
encompA^s^ both seryices to the ^home. and' t?o public an(| 
commericial institutions^. ' / '\ . ^ 

-Filially, ip migl>,t be adv^isable to combine, public sector and 
private sector services. Coiranercial purveyors ^of serv7 
ice3 ~ such as developer*s of information b^k§, "specialized"* 
neWs service .companies, merchandizing and adveijtising agencies, 
computer ^Service companies, and* air'line or travel agencies' — ^ 
^ mght. invest some of the^vfehtura capital necessary' toV 
' 4fVelQE5 new broadband services r "ISq inight thos^. govfernme^t 
^'^e.ncies At- from the local -^through. th6 Fed^al levels — 
, %hat provide, direct service to the public;^*" ' 

This, situation of public and. private cooperation, so^€il'led , 
with opportunity, nonetheless^ raises several questions. What 

^should be the relationsHip among those who *of f eof the serv- 
ices, those who us,e them, and tnose who cara^y '^them? ^hat . ' 
sort of services should^ b'^- provided by^ the public sector?^ If . 
G6v^rnment is involved in d^evelbping 'services, would a . • 

^governmenit subs idy-^to certain elements ot ihdustry discriml-; 
nate against others not $o favored? . ^ t ' V • 

* ■ ^ • ' ■- - ' - ■" V --••■*:'. ' 

At' least three" alternative approaches ;to organizing and 
, fundihga demonstration are disdSrni'ble . • • , . ..j " 



■ ', Industry Managed/Indugtry Financed ; This approach 
would amount to an industry consortiunif Governfhent, 
however,, might participate as ai user -with the same 
. , standing as cither users'. As aft example ^of- the - 
• constirtium approach,- Arthur D.- Little^Inq. 

brought together (more than 25 firms with diverse" ' 

\ - interests -in broadband communications to 6^plore the 
possifoility of establishing a network providing a 
wide variety of two-way communication s^r^irices to 
iJusinesses, public institutions, and hom^s. ■ The 
•; fitst" phase of 'the. project explored the market f6r 
Varioup^. services, the economifis of providi)ng them^ 
and the technology require.d to mak'^ them feasible." 
The next phase ^ropos-ed the desigbZiof a- new system. • IT 
and the forination of a publiply-»oWjie^-^omaany — • ■ ' 
Bro^dbaiprd Communioations NetWork, Inc: '— Ito build • ' 
and op?r5b# it,. ; . 

' fhe pilot ^network envisioned abbu^ Ip, 000 -'subscribers . -, 
1^. was to, offer such services" ai' information retrieval^ 
programmed learning,' airlinq' an& theater tidket/ sales', 
baiiking/ ^real-time stock quotations' telesSbpping, " • ' 
' facsmil^ newspapers, .firq arid intrusion sujrveillance, , 
-f . opini9n/surKey,s, and perhaps, first-cliss n\^il delivery. - • 

BroadbandvCcimiatinications Network,, Inc. was? p^rticulariy . ' 

' ^ interesiEed In , prdf pect^ for making^ cpitiputerized 'services ' 
directly available^to individuals in. their , homes , via 
' television or the telephone. . 

The ef fort 'has" beWi. stymied in part by antitrust concerns 
and nfefid. for assurance of' availability of CATV channels ° ' 
^ to ot%r' than .system operators; ' • . • . * 



• " Accor^ngj t6- a^ report b5»^ the^Department of Coftmierce 
' TeCt^a^;X..A§yisoif% Board^ (C TAB)-,*, the fight us.es of 
. ^ ^ cdoperatiVrf strengthen rather than.-r'etard 
. . ' competitiQiV^■4j^dj4nnov^tion; AiJ' R&D consof tium/.need 

^ not ,yiolate'^,;^rf^|.trust''policy provided it ia'e.s:tablished 
in way tha^^dica^tes, no' t^reat^^ tq 'competibion.; .The 
likelihood ^ft^^ntitrtisfcr litigation' could be. r'educe.d 
, ■ .- even further sfey 'inc lu'dilag Government r6£re^^tatives . 
~' • ■ " . as 'participants in,..Af observers of, decisionmaking - 
process.. " ^ • ■ ■ " ' y ■ 

: ' Government i^^ed/Cjovernmenl: Financed ; Obvernment 
,~ - - ", cjperatioriSt by and large*, comprise adminis'trative ' ♦ 

/ ' . functions,.. mission-rela-SfedLp-rograirfs., aha.publiq . 

/ '. service rol^s. ' V.irtually klfl of these activities • 
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are "information intensive.'* Federal operations, ,, 
therefore, lend t-hemselves to a demonstration of -' 
broadband services fo^ th^ Government's own, aggre-* 
gated demand*. \ e * * * ^ . 

Government 'is already developing broadband applica- ' • 
•tions. The^ARBITS^ testb^d program^ for ex'a»ple, 
iSecduse it will pulLe. together diverse"' services on 
a. common broadband .s^^st^, ^an' servef^as a protot^^Te for 
furthep^ Government syst^em' development. -Althougl?. 
tailored tp military needs, ARBITS cdiulcj provide guid^Ab^ 
as to the costs and t'he feasibility of ,uniivens^ilyi 
applicable broadband services, thereby reducing- ^ 
investment^risk^, by other agencies and by industry. 



Of. relevaiice:;^tQ_±his Iguestion is tl>e Cabinet Committee 
on tabl6 Conumunication^ assertion ";./that FedieiaT • 
Government has a^ f-esponsibility to help identify""the 
•public >serv4ces that can best be provided via c^tble^* 
commurprcatipa^^ appropriate-privacy 
saf egmrds . . (and) thato the most effective ,way to 
achrevy these objectives Jjpuld be 'through a- J'ederally 
supported (diginonstration) -effort. •^uch resear^K c^ld 
"^also prpvide.^ basrs, for . specif ications for procurement 
of -services Sjrora the 'private sector and provide 'measur 
of performance for these ^se;pvi6es. * - ' 



stry Managed/Goverhmenjt^ Finahced ; , This ^approach, 
which Government^would' absorb all th$, r'isk, would 
require a policy .deOT.siori;af the highest level of ' v 
Government' or a legislative ^mandate or both. ^ Some ^ 
might defend it on. the ground^i' tha-t .Government: in- 
vestmen^t is appropriate when used to further the •'^'^f 
^.ublic* interest./ 'For example, the public might de^^ . 
rive benefits -in the form of. an increased Gross 
NatiQnaij^W)cauct, improvement in national prpductivxty , 
enhanced energy conservation/' and a strengthened world 
trade position. - , ^ , ' - 




Several .Federal agencies ^possess, legislative' mandates 
^that illow th^ni to support .broadband "service enterprises.' 
^>A- recent inve'stigation by the (^^^^^l Accounting Office 
•/found :6hat at least l8/'Feaera*l regencies Jiave ' funded 
cable television development 7- either through sub- 
^4^s±dies or grants. — over tKe past ten' year s. The 
% study uncovered certain problems: there >^pp^ar 1;o be ^ 
few guidelines for such expend*! ture^ as well as < 
little coordination among i^e fund;ing agencies. 
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In. spite of all this, it appears' doubtful that this • 
- approach really conforms to. the. Government roles as' 
. . discu;ssed in Chapter One._ .Therefore, it* seems the 

least appealing of these alternatives discussed here.. 

. ' / ' System Development and Per formance ' • ' , 

' ' , " ~ ~ '. ' ' . ' * 

.'^^l>^°sdband communication industry would benefit from an' 
exploration of ceirtain- teoKnical , problems'" that ^ unjfess ' 
solved, might, inhibit ,^the" application of new services. 
Physical: constraints' and -engijieering trade-offs built into 
present systems could conceiv^a^" Mmit their- actuAl realized 
bandwidth capability and i^inder their broader -use .4 Technical' 
pe^foi^ance areas ■t).f^peciM concern are fr'e^Juency managemerft, 
^durity, interface staiidards , 'and terminal' equipment • 
qiiarasfceristics. , ■ / ',, "' , . - 

AlVthough to be sure Goyernment^ has 'a logical role in some of 
the. areas --'security anS-i^riyacy , is ^good example — in , - 
large part ,*technical problems are in ijhdustry • s domain. 
We therefore suggest that^_j , . '■ # , ~^ 

o Industry and^ users ■should--seek-,:Erompt' resolution ' 
of the system- performance problems associated 

' with the .delivery .of iSrcra^band telecbmmunicalTibn- 

» services. ' ' ■ - , 



Policy and^ Regulation 

Two actions center or issues within the field of regulation. 
The first' has to« ^do wi th the 'thorny topic of "CATV deregula- 
tion. As was exltatned" above, the - available evidence does 
not permit ^a I confident judgment as. to .whether the provision ^ 
of . nonentertainment broadband .services to the home might be 
aided ^ thfe^ expansion. of entertainment- services. A number 
^Aotf^^^^""*^"^ ^"^titutions are- studying the isslie of partial 
C^TV deregulation: a working group of the Domestic Council, 
the FCC, and the Congress. "The Domestic Council concluded . 
'that the data on the impact of dere*gulation were, insufficient 
to allow, a. decision to be made at this time. But as the 

issue remains, it ' is. recommended that: 
•- • ^ . . - • ■ ^ 

O -The Domestic Coundil Working Group should' ar-range 
• to ol^ain jiecessary i:esec(rch t'p establish the* 
probatole consequences of partial deregulation of CATV. 



Second, nqnentertainment broadband.servipes migh.t be trans- 
' mitted by the coimnon carriers,, by the CATV industry, or .by 
' Some combiaatic5n of these.-.* . /^ ' v ' 

Any FCC pdsitxoji — ranging .fron)^ no guidance to blear ' 
direction — will influence or <^veH 'determine the 'industry'^ 

, future; For this reason, 'we exiTegt ' thdt: the FCC will wish 
ta increase its research into this matter^. to be in the ^ 
strongest possible position when the time for decision' ^ 

"arriyes. No specific aptjion. recommendation sefems to 'be 
needed iiranediately . - ' « * . ♦ 

IMPACT OF THE PlROPpS^p ACTIONS' 

^Thife section has' suggested that a large-scale demonstration 
-Of • a Vide vartLety of .'broadband nonentertainment services be' 
'.undertaken,. If the demonstration achieves the-bread1:h df 

servic^^ -envisioned ..above, then economies of 3cale*will be 

withij}. reach. ThisHn turn Mil .permit a num^ier of dbser- 
^v-ations to be madfe about the various broadband nonentert%in- 

ment markets; i.e^ about services to the ftome and those W . 

publ^ic and commercial 'institution's^ • / " . ^ 

'/fLtn V^is ^emoastratiOn, bcath thosejpf faring sei:vices ,^nd 
those transmitting tjiem should have a ^ar clearer pictuje of 
'the economic viability of the services. Also 'the, home ipark^t 
should be stimulated^' As to the public service and business 
maif9tetSTXthe.S£.^would be verified and expanded. " 



;Th^ stimulation, verif icati'on> anc^ possibly expa^nsion^^f the 
market demand - would go, a 'long way towards achieving ' the, only^ 
realistic gb^lof ^ny sucK ^broadba^ha cogimunicatibhs '4^mon- ' 
stration: to ■kspire private enterprise to make tA^ in- ' 
vestments 'ne<«sary^ t^o bring the services 'to the market, , . 
place with ma^Jni^um 'speed ^nd 'efficiency. /' 

Thinking in term? of tHe future the 'demonstration -would - ; 
, provide data fol* better system (^esi^;' and .it wbuld^^give us ^ 
system performance specification to serve ^as a.^basis^^for. ^ ' 
broa^dhand service's jprbcu^^m^t. . . 




Speaking more, Specifically, a demonstration on tl^scale, 
suggested .above would permit ^particij^ants a'nd "^servers to 
evaluate many facet3;^'of brq^dband cpmmunications — ; and 
their effects. .To begin/ it would reveal how well the serv^ 
ices and the technology wbi^ .in an operational envipbhrrient . 



Also, human reactions to new applications— many of which 
contain almost revolutionary implications for our lifestyle' 
— could be observed. Governmerft agenbies might discern 
innovative ways to increase public sector productivity and 
to conserve energy. And, finally, if planned prope^^ly, it 
could offer a case study^ in Government-business cooperation 
of telecommunication facilities. 



could offer a case stuay^ m Government-bus ines 
m the sharing of telecommunication facilities 
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5. FiBE-R QPTf C CoMMlJMTr.ATTQN '^ * ' - • . ' 

STATUS OF THE FlkLD „ - ' 

Followiiig the -discovery of lasers in 1960 , ' researchers 
rrecognized the potential of transmitting huge amounts of.' 
information on a light beam throtigh the Stmospher^ ox in ' 
protected optical waveguides." This potential is based on 
the extremely high frequency of the light wave as carrier 
compared with radio frequency carriers currently in use. 
Rapid progress -was made to develop a large variety of lasers 
which could emit over selected frequencies in the visible, 
ultraviolet, and inf-rared spectrum. * , . ' 

• ' • " Survey pf Developmen ts 

V " — f 

# . * • t 

t ? ' . * 

Highly efficiexit laser diodes were developed which could be 
modulated directly over- large bandwidths or at very -high 
pulse rates. External modulators (devices that modulate a 
laser beam after it emerges from the -laser)" became quita 
sophisticated; and one could modulate optical carriers using 
amplitude (AM) , phase (PM) , or frequency (FM) modulation at 
bandwidths -sufficient to impress the, entire very-high- 
frequency television band sijiultaneously onto a single laser 
beam. Bit rates for pulsed operation reached into' the 
gigabit per second range. The sensitivity and efficiency of 
the detectors also kept pace tiO the point that detector 
sensitivity was limited, only "by the irreducible physical " -J 
Phenomenon called quantum noise. Thus, the detector ^thresh-'" 
olds ^were reduced to the point where a light pulse consisting 
Of a few tens of photons, or less, could be detected. ' ^ ■ 

In spite of the development of this large variety of 
components and the 'tremendous potential capacity of optical 
conytiunication Systems, the enthusiasm o'f workers in the 
field, or- their sponsors, dwindled. Guided optical systems' - 
such as sheltered pipes ot lensing si^stems were complex and 

^l^ss fibers had losses* measuring in excess- of • ' 
1000 decibels per kilgmeter, (dB/km) — too lossy. , 

. X — ' ^ ' ' ' 

Sd, owing to the unsatisfactory queilities of fibe^ wave- 
guides, the only available transmission medium for optical 
cofaununic^tions was the atmosphere.. But' to achieve reliable 
transmission in the atmosphere — ,now as well as in the 
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<5early and mid-1960'.s — one has. to oyercpme^uch obstacles 
'as clear air^turbulencfe, aerosols in the fornt of fog and 
smog, ^artd lapge scatterers such as rain and snow, ' Further- 
more, one r.equires ,an, unobstructed path between^ the trans- ' 
mitter and receiver • ' Through- the-atmosphere technology 
cannot, therefore, meet the requirements for highly reliable 
and wide bandwidth transmission under all conditions'. There 
are, however, undoubtedly many applications where lower 
reliability requirements anight -be adequately met in this 
manner. ' ^ ' ' * s 

Kao; and Hockman (1966) published a* theoretical paper which 
deifionstrated the conditions under which optical fibers cquld 
be;^ made to transmit light energy with very' low loss. In 
1970.; Maurer (Kaprbn,- et al 1970) demonstrated in his labo- 

» ratory the feasibility (Of producing fibers with equivalent 
;|.oss of 20 dB/km. Now,, only 5 years, later several companies 
have commercial cables available witH lossejs approximating 

^10 dB/km; an4 ^laboratory demonstrations have reached very 
close to the theoretical limit of about 1.6 dB/km. The • 
prodiiction engineering and processing- te^ihnologies have ^ 
progressed to a pointy wher^ fiber cables with strength ^ 

• properties approabhing that of standaard coaxial cable* can be 
prq&uced ^nd fiber breakage is minimized. The costs of the 

I 'Cable have dropped\ to 'about $2.T)0 per meter/fiber,, which is 
comparable to wid^eband coaxiar oabl$. The costs are pro- 
jec£ed to go much JLower than this^and should be cbmparable 
to the posts pf the twisted copper pair currently used in the 
. local 'distribution segment of telephone networks. Only *^an 
assured market is ne^ed to permit the production levels to 
meet "^he economy of "Ucale required *to achieve this lower 
cost. ^ ' ^ ' 

■ ' . . •. . 

I : ' \ ' Applicata,Qns 

Current fiber optic communications (FOC) systems are rela- 
tively unsophisticated pulse code modulated systems which 

, depend only on the presence, or ^bsen^^e of light energy at 
the receiver and therefore do not require' advanced laser 
aburces or modulators^. These applications are developing in 
dreas that ,re(^ire special physical afid environmental factor? 
i?^htness of weight, impervioiisness to electrical inter- 
ference, electrical isolation, s.mall cross section, resist- 

^ ance to nuclear radiation"" and to chemical corrosion, and • ^ 
ease of deployment. \ Many of the^e^ applications are in 
igilitary .requirements Whe3f^ th^se special prop^rtie§ provide 



. ! cost-effecta^e so'lution^; Pilot st'^idies of field 

applications of FOC hybrid installations .in telephone net- ' 
works aire under way in -the United States and- abroad. 

'*In all cases, cited above, FOC systems are being used to ' ' 
solve speicial problems; perform in. a hybrid, transparent 
mode with existing tel-ecommunication subsystem components; 
and are being evaluated on the- basis 6f reliability," feasi- 
Diiity of installation, maintenance, etc., ratrier than on 
the potential >basis of providing' new and different capabil- 
ities. In addition, however, the applidkbility 6f FOC to 

* wo?keri ^""'^^^^^^^ ^services is being explored by many. 

Long-range .applications of FOC may_ include alternatives to 
spectrum utilization for wideba^d 'dpmmunications trunking * 
both for undersea cables A as an alternative" to international 
satellite communications, and for point-to-point terrestrial 
•networks. Alsc5, the^use of fiber optic local "distribution 
systems may requite changes in industry structure, policy, 
and regulatory procedures. Questions revolve around the 
combination of communication services to homes and businesses 
m order to provide cost effective delivery of voice ,«.video, 
and data_services supporting educational, entertainment, • , 
Commercial, and public functions. . 

« FOC, moreover, is especially well syit^d to handle digital " 
communications, a mode of increasing importance. The .services 

^of DOD.and the "common carriers," as well as. the speciali-zed 
private data communications industry^ ar&- all implementing, 
digital communications. The advantages' of digita.1 or puls«'.' 
transmission include high accuracy in trarismission. (bit- • " 
errof-rates as l^ow as one bit error" in 10^ br '10^ bits)*, ' 
ability to reshap^ and regenerate pulse ti-ains)" and also 
provision for forward error correction at the receiver" • 
through special cqding formats and are as applicable to ' ' - 
fiber opticr systems ?s they are to conventional transmit- ' 
slprt•|.J^ Multichannel digital 'systems can provide* considerable- 
flexibility in switchi'ng or rotting of messages.-, r. ■ . ' . 

The^ computer>'^industries and services are particularly inter- 
ested in FOC tr^'ansmissiph in such areas ' as 'Computer-tQ- 
computer and .co^nputer-to-terminal interfaces. Jt is ke^r^c-. 
tive to be ab^e to transmit' information in the same language' 
format as generated at the source arid required at. the receiver 
without the necessity for ^translating- -into special code? 'for >• 
transmission. The computer industry ha^ utilized ©ptic§l 
(i-^cluding fiber optic)- card rfaders for ^ considerable, " ' 

time. The ^se of FOC for computer- to-cJomputer and interpanel' 
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connections is. logically the next significant industrial 
application. The compatibility of largfe scale integration 
and POC .terminal requirements made the integration df .these ^ 
technologies very promising. The potential application of 
integrated optical technology to provide;, high-speed switching, 
■optical prOcessino', and multiplexing appears likely to brihg 
about new inter- and intra-building' networking concepts 
which can greatly expand the types of ^ teleservices described , 
in Chapter 2.4, Broadband. Communications Networks. 

One source, Gnostic Concepts, Inc.,' predicts industry growth • 
Jrom about \$ IS million- in 1976 to $83-3 million in 1990. 

^ • , Dqmestic FOC Research Efforts afid 
Pilot System' Demonstrations 

The domestic research and development (R&D) efforts are 
categorized here by (1) the major common carriers, (2) the 
industrial hardware-supplier sector, (3) the ^university com- 
munity, and (4) DOD. 

'* . » , • - . ' 

The major -carriers are deeply involved in FOC technology 
development to augraei^t"*, their own growing network require- 
ments. Their major iu^house efforts have typically relied 
upon outside industrial ^manufacturers* only for commercially- 
available, discrete components (for example, fibers and 
detectors) wheA they meet specific systems requirements and 
are cost effective compared to in-house development. 

The indui^trial sector (including ^stablisl\ed telecommunica- 
tipn equipment suppliers and manufacturers of optoelectronic 
devices and optical fibers and cat)lfe'e> is committed to R&D 
for devices and fibers, \ to testing oir state-of-the-art 
systems, and to marketing of mo^e^ate bandwidth s^^stehis,. 
Contractual DOD and NASA support (approximately $10 million 
per^year) has assisted in this effort; but much private 
capital (an^ estimated $100 million per year) is being invested 
aimed;: toward commercial product lines* For a more complete 
"summary of domestic activities and a listing of prototy^d"""^ T 
demonstrations, or experiments,^* see appendix E. 

The National Science Foundation suppbrts a grantee research 
prpgram in optical communications at several major oiniver- . 
sitie^.'^' These grants are, directed at fundamental research 
aspects of device technology and generally produce extensions^ 
of knowledge \ah'd understanding of the physiqs,- material ' 
science's, and mathematics necessary for advancement of thQ 
field. ' • ^ . * . 



DOD has. developed in-house^ capabilities v«. thin all three 
services (Army, Navy^ and Air. Force, coordinated by ^ Tri- 
Servioe Coiranittee) for component and systemfeHperformance 
Z^iV^- ""f^^^^^.^^ specific military applications. Majop 
developmental work has been contracted out .to the civilian 

Foreign Research and gLvelopment 



/ ■ ■■ 

A detailed discussion, of the'fetatu^ of FOC technology in ' 
ma^or foreign developed -countries blsed upon best current 
information derived from u. S'. Government-sponsored ' industry 
surveys, i^he open literature, and redent Visits by OT engi- - 
^ijeering personnel to major European laboratories appears in 
appendix E - It is recognized that any evaluation of foreign 
work\is subject to inherent limites. imposed by "proprietary 
restrictions of manuf acture'i;s and .nationalistic trade concerns 

Foreign leaders in. FOG technology, listed in apprdximate 
order of hardware maturity, are: Japan, the . United. Kingdom", . 
West GeCmany^. France,^ and Canada..' None 'of these countries 
IS now a. clear-cut leader in all. aspects of the technologV. 
Japan, however, appears to be second only to>the United •* 
^States m develoffent of fprototype civilian-application 
systems, is gaining ground tapidly, and coulgi conceivably - 
overtake the United States within the next 5 years. • 

_ _ • . " \ " ■■ ' • * - • ' . 

ISSUES _\AFFECTINC GROWTH ' . . 

Neecis and the Market 

;■ . ' ■.■ j ■ , ■ 

F0(: technology .was .selected for ekamination because it is a 
prime example of an innovative process in telecommunications 
wftere a technological invention (bteakthrough) promises many ' 
advantages over conventional technology in a broad range of 
commercial applications. The FOC industry is struggling 
through a matket acceptance process, common to all new tech- 
nologa.'cal inventions, characterized by the need to: 
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Establish proof of claimed advantages (for 
example, ■ perfbrmanca, cost, and ease *of main- 
tenance) . " '. . 
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,{2)» Sho^ adVaiitege of new equipment acquisitions ^ 
• over edntinued; acquisition of old technology. 

-. (3) Be competitive in the cost of ohanges m 

logi^ics systems, to support or utilize new items. 

(4) Demonstrate advantages or be readily apceptablfe 
in terms of transactional or interface changes 
* 2;equired of the us^rs. (For example, fiber optics 
should rrtake possihjt],^ fast, high-resolvitipn 
facsimile transmissio^i' in hospital or^ffice 
buildings lobviatftng the need for mes^engej: ser^^^ices.) 

* (5) Provide significant advantage in choice'bf \ ^ 
many auxiliary items ♦(for example, terminal 
^ devices and services) for user's applications. * ' 

^ 4 (6> Have mechanisms foi? implementation, of tech- 

nology in production, public relations :effort ta 
'stimulate it\arket, customer service organizations 
that can solve training problems, and modifica- 
* tion of the hew technology to respond when im- 
proved understanding of customer needs' is avail- 
able, r ^ 

Most customers procure telecommunication serv'ices on the 
''basis of perfoirman^' rSeasures such as bit-rate, accuracy 
(probability of error i., and time availability. Consequently, 
the .technological makeup of the system is not of int^est to 
the user. Therefore, - the introduction of B^OC techdblogy 
. 'faces at least two additional b^riers, namely: /'^ 



fl) No system designer or procurer will risk k new 
technology without high 'probability of success. 
Such probability is enhanced, o'fv cours.e , by'demon-*^^ 
strated perfoirmance, without which it is difficult 
to sell even the first commercial .system. . 

(2) Without a clear estimate of potential s^les volume, 
'it is difficult for industry stippiiefs to'develop ^ 
realistic cost projections or indeed to secura 
^ ^ adequate financing to establish the necessary . 

production capabilities, with adequate, economies 

of scale, to reach the expected* cost conipet£tive * ' \^ 

levels. — * \ ^ - 

These two barriers represent a classic "chicJcen-and-eg^" 
problem. Upon "recognition of/€hese barriers, decisionmakers 
in Government and industry^/<ian take st;'eps to accelSLi^ate the 
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initial commercial application of FOC technology and majce ■ 
Its utility and effectiveness vi3ible to potential users at. 
•an ^arly stage. Thus., delay in the. implementation of this 
new technology can be • significantly teduced and the benefitsi 
made available several years earlier thah they would be • 
otherwise. < ,i ' . ' 

Many of the following, issues (and subsequent proposed actions') 
may already be recognized and under control, especially ' in " 
the mainstream of telephone and. military applications; Th" 
list not necessarily complfete ^but is intended for 

stimulation of discussion among. Government, industry, and 
users . » ' '% * 
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o Needs ~ What important "communication needs are 
best met by. FOC? Should there be Government 
support and/or Jju^lic demonstration of the use of 
this technology 'for .meeting these needs?" '• 

r ■ • . * 

° ' costs and Reli.alyUity ~ Will the FOC 'wideband 
communication tecTinology be competitive in cost ' 
- and reliability with other technplogres sueh -as-' ' 
coaxial c^ble fior a broad range of applications? 

° Internati onal Trade -- Are foreign competitors 

likely to penetrate. the U. S. domestic Fbc markets 
to the detriment of U. S.- suppliers? Conversely, 
. what might be done .to help U. S.' suppliers te ' 
-participate effectively in foreign markets? ^ 



, V • S^tem Development 'and Performance ^ 

Interfaces — Will FOC interfaces with existing 
systems be. effective, bonyenient, and inexpensive? 

Standards — What commercial standards' need 
development? Do existing rules, regulations, or 
.codes that may inhibit early applications of FOC 
need revision? . , " 
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Policy and Rec j julation 

Local Distribution — What, consideration of the ^ ' 
economic and institutional impact on e;cisting mpdfes^ 
of the local distribution' of communications to^homes ' 
and businesses 'musti be/given, before FOC technology 
4s' extensively applied to this fujictlon? 



ACTIONS THAT' ADDRESS THE ISSUES * 

, • . • . '-W ■ •-■ ■ 

Carriers to the emergence of Vpc /technology to meet 'Government 
and public telecommunication Tieeds may be lowered by appro- 
priate Government and 1. industry actions. The, following rec- 
ommended actions are grouped^ according to the ^bove issues, 
and, no • priority orcjfei: is in,tended. ' > 



Needs' and th^ Market ^ ^ ' ' 

Needs:. The issue of the extei;it of the commjanication 
nea/is that can be weljl met by FOC can be 'resolved by^a 
'systematic id,entif ication pf, tlfie Classes , and.' volume af 
broadband service demanded^y .commercial and Government* * 
users and an analysis of thfe^ applicability of FOC to. 
±hese services. Such appligcftions would incliade the * . 
advantageous substitution of FOC far existing communi- 
cation systems, an6:^he establishment of new systems 
based on upique FOC racteristic3 . . - ♦ - - 

By way of illustration,, the spedial* properties of FOC 
technology tend to point its ^ applj^ications tpward , 
broadband., short-haul (avoiding the pec^sity for re- 
peateifsTi and^igh-user-dejisity networks. It will 
■replacfe many ^existing modes of commun^ications (for 
example, coax'ial cable and twisted-wire pair), when ' 
its special pr*opertles result in significant advantages 
such a^ lower cost, Immunity to ciross-talk, freedom 
from ra<^o frequency interf e'tence, and so forth. New ^ 
modes of communications resulting from superior per- \ 
formance characteristics — wide bandwidth, -low loss, 
small* size," flexibility -r may result in the aggrega-^ 
tion witljin large building complexes of coitimuni cation ^ • 
services which are not econoinically feasibly with 
current communication technalogi^. This aggregation of 
services may permit tbe widespread acceptances^ and 
use of marginally* cost-effective servicers which cannot 
be sustained as individual services requiring a distinct 
and independent communications facility* 

* ^ ' „ 

Various efforts are under W5^ to' identify applications 
for FOC. The Government supports continuing. FOC- ' 
research in several in-hcfuse laboratories piriin^rily to 
meet national defense needs and- supports research . 
through grants to universities to extend basic knowledge 
and understanding.. It supports applied, research^ and. 



development through contracts and through the DOD 
^ Independent Resear.ch and Development progranj with 
industry. Industry, ^ of course, is investing ' its (own 
capital- and funding to provide, products and services ' 
for both dpm^tic and international nee^s . ' . ^ • 

AS .to- the development of a market, the FedQ-fal Govern- 
.ment is the largest single procurer of telecommunication 
products and services and, therefore, has a. profound - 
influence on shafjing. the domestic matket. To,fdate, 
however,, there exists viftaally no domestic systems 
market in fiber optic communications. 

An FOC network demonstration ought 'to be planned and 
undertaken if attractitre. To this end: ' . .• . 

it 

o 'A Federal interagency group might identify a * > 
• significant broadband communications need that 
advances the solution to an important public 
service problem, such as -health care delivery 
in a hospital complex, and compose -a statement of» 
the necessary communications requirements as a 
basis for a fiber optic demonstratidn project. 

. The planning and definition phas^ of such a demonstra- 
tion may- be a logical candidate for -funding under the 
DOC Experimental Technology Incentives Program. ' >. 

t • 

% 

^ * iV ' 

Cost and Reliability ; FOC is currently a glamour' 
technology and' is receiving much.! public" attention 
through the tpchnical^ -^nd trade press as well as 
through advertising on television and iti the popular 
press.-. /However, there are qnly ,a few domestic and, 

^foreign experimehtai;'prototype J-OC. systems (tabulated 
in tables 1 and 2, appendix E) that have been or are 
6urrently being evaluated 'to demonstrate the feasibility 

'and claims for thia technology. Aft'ef satisfactory ' 
demon stjr at ion of technical feasibility., cc^s^ and' ' 
reliability for both components ^nd systems become ' 
extremely important in lowering barriers to widespread 

Cqst can be lowered an<f reliability improved only 
through extensive development, costly in itself. So 
far these development costs are nq,t well* defined. 
Thus, the industry, needs' to" estimate them more 
precisely. Once the costs are identified, workable- 
funding methods need «to be souc^ht. For example,, the'» 

' . • - 1*06 . • ' » - • 
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permissible development • cost loading of future sales 
shpuld be estimated. * >The -extent to which^ contracts 
fot advanced Government applications' can meet soifie of 
"these development' costs also needs to be considered, ♦ 

International Trade ; Intensive foreign R&D activity, 
as detailed in appendix E, constitutes §.trong / * 
qpmpetition to U. S. manufacturers' in both domestic' 
and foreign markets. The emergence of competitively 
priced FOC s^jstems utilizing the expected advantaged . ^ 
of.integrated-.optic t^chhology for switching, cDupMng, 
interfacing, driving, repeating, detect;ii>g, ptocesslfigr 
3tc.v along with the integration of comffuter storage, 
processingV control, billing, maintenance, etc., in 
advanced telecommunication networks may well stimulate 
large international markets. The ce'ntralized planning 
and Government support of the telecommunication 
industries in certain foreign countries may' result in • 
'proven operational systems in*' the. near future. Such 
systems may well be adaptable to U. S. domestic 
commercial applications. The pjetro^dollar* nations may 
tend to leapfrog over .conventional .telecommunication 
technology tp, go directly to mor6 sophisticated optical 
transmission systems sintie" they are not faced with 
extensive amortization costs of existdng plant. 

It therefore seerit$ to be important for, some . 
institution — perhaps the Department of "Commerce — 
to;^keep in touch .with international *technologican ^ 
developments and. trade^ trends 'ar^d to disseminate 
information useful to U. S. indust;:ies and users. 
.This action would help to insure<that U. g.^ manufac- 
turer.^ ate kept awar'e of the ^vail^*>ility of' fo.reign 
markets. .In addition, it would help these jnanufac- ' . 
turers tc maximize their technological lead over , 
.foreign competitors in U.-S. and foreign markets.' 

^Acco:^dingly , in order*- to monitor both^ the domestic 
and internatignaL market aspects -^f the technology :^ 

o The Department of Commerce should establish an 
advisory committee on commercial implications c^-^' 
, fiber 'optics. , * ^ * . 

rt will be usefiil to draw, upon the experience of the 
/Ad Hoc Optical Communications Task. Foj-ce -mentioned ' 
below in establishing both the fuixctiohs and me'iftbe'r- 
ship*of^this committee. ' • . - 



System Qevejopment and Perfor mance . ^ 
• ' IT— r - . ' 

^ • Interfaces; Several pilot demonstr.ations ,■ identified 
. • ■ 1" tables 1 and 2 '6f appendix E, are directed , toward 

. ' proving- the eompatibjUity and transparency o4 fiber ' 

•optic technology with existifig 'systems and terminal 
. devices. ,*]je ultimate success of retrofitted • systems , 
^ , IS measured by the extent to which the user is not 

aware of the presence of the F.OC netwotk or" infcerptnel ' 
connection instead of /conventional jhard-wire system. 
• Thus, action to define .interface re'quirement^ between • 
existing and new terminal devices and appropri-ate 
coupling, riivfltiplexing and operational protocols 'will 
have- to be taken . 

, ■ fh'e Ofiice c^f Telecommunications' has organized an Ad 
■Hoc Optical Commun.ication$ Task'Pofce" (distinct from 
. the Science and Technology Task Force that .Authored 
this;report) . The purpose is to serve G6vernment, • 
,. university, and industrial interests bji-. bringing . 

, together key persons from the workers in the-FOC 
'. field >f marketing repre^sehtdtives , ,and paterttial , ' 
, . teledommunication user.s. The group will explore. 
.- technological readinessv nonmilitary applications, 
' • needs of various user .communities' where FOG ma^r^ 

wrovide optimum solutions... ' It is exp^,cted that : ^ 
donclusions -and reejommetidations reached by this Task 
^ Force will stimulate" the early delineation of many ' 
. * ; / typical interface requirements. ' *' 



Standards: The issue of when^^to ^ introduce the "develop- 
ment of standards in a new technology is always a^ 
controversial, subject. *. Standards should Result from > ^ 
agreements between, major teJ.ec6iranunicatj.on • system ' - 
designers and industrial Suppliers and, : therefore, ' 
.should generally .^Be left to the industry ^^or develop- 
ment; The establishment of standards too early may 
sti^fle innovation, but 'the establishment of. standards 
too late results in costl^ retrofitting or ^ "grand- 



father" exceptions. 



"The largest co(prdination program .'currently un'det"' way 
for comE56nents .is that which is being. Jeverbpe'd' by . 
the Tri-Sprvicre Committee for ^ fiber optic communica- • . ' 
tibns.^in DDD. This 'committee was foinned to coordinate * 
, the acti^^ities within DOD for fiber opt.ical cpmponents ^ 
and ^ystemsv^^They\are developing miritalry specifications 
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for fiber cabTes, sources, detectors ^ connectors, and 
couplers- These include mechanical* strength, moisture 
and fiingus resistance, nuclear* hardening, and othei^ 
environmental ~ and electrical specif ications^ which must 
loe achieved to meet their system perfo2?mance require- 
ment's" 

^he military program, however, does not address 
commercial standards nor those qf the n9n-D0D 
Government agencies in which many' military specif ica- 
. tion requirements wo^ld be unnecessary .and often' too ' 
costly. ' Thus , Standards for 'commercial applications 
are needed to assist 'in the ^ lowering of costs and to 
assure compatibility. 

. Action is needed, therefore, frpm a .nonmilitary 
^ Government agency tq encourage and assist indusi^ry' in 
the development of voluntary^ standardization for 
: commercial/applications. This includes for 'example ^ 
' (^fele ^. (sizes , channels, lengths, attenuations, ^ ^ 
I (l^^fersions) , hardware"" (source^, detectors, switches), 
<ikraules j'transmit-receive , multiplexers , hybrid *^ 
"^interf ace)^, measurements (optoelectronic, performance, 
j'(u^ ng[th characteristics ,^ .^guire (s) of merit), ^Tid 
terminology.. ^ ^ ' • 



*^0C applications are envisioned for many inter- and 
, intra-building communication applications in the 
' public sector. ^Therefore- ^ 

o Some group witfh appropriate interest and member- 
' -ship srtould identify ^^hafe specifications (or - 

voluntary standards) and codes are desirable to 
" en&ure,r^pid and orderly implementati,on of fiber- 
I ^' ^ optic technology in the commercial and -public 
sectors^ 

Policy and Regulation . ' 



The possibility that FOC technol9gy can provi<|e Arlsingle', 
high-caf)acity commuhi cat ions "pipe" inta homes and * 
lousinesses h,as been widely noted. This- single conduit can, 
in principle, carry telepjibne, television, and other* tele- 
services "yet to be of flared. Thi^ .very 'f act of , ^uch 
multiple", uses 'Praises* important policy and regu^latory 
questions pf ownership^ control ,^ quality of Service, . 
respbn'^biiity for maihte^ance, economies of s6ale, and 
investment. ' ^ ^' ' ' v. ' * ' 



Such questioris are beginning to be investigated by FCC, 
OTP, -and industry. -Although much more ^research and 
reco^cil-iation of divers^ interests ' ^re needed^ it is too 
ear]^' to" make a spetiific action recommendation. 

JMPAipZ OF THE PROPOSED ACTIONS^ 

Except for the laboratory efforts supported by the main- 
stream telephone common carriers for upgrading their own 
internal plant, the U. S ., industry prepared to supply F.OC ' 
technology is largely fragmented... 'Many gompanies are ' . 
anxious to supply ■comt)onents and. are s^earching for auidance 
regarding future expected needs and expenditures of 'the 
Fetaerai-6ove^riment as-a,inajor user of- telecommunication 
services. Traditionally, DOD has been the primary Federal 
agency to provide ^uch leadership and to make initial 
Government procurement' a significant factor In the develop- 
ment and emergence of new technology.' Actions are well 
under way in DOD to define future requirements, specifica- 
tions, and standards for military needs. Briefings to 
industry are field periodically for jJurposes of feedback 
from industry*; Much of this action wiLl produce spin-off 
for commercial markets. 

Against this background, the 'actions proposed represent an «■ 
agenda for discusfeion between decisionmaking authorities "in 
both Government and industry on lowering barriers^ to the 
growth of this promising -new technology. Their impact 
should be to improve industry cohesion "and to hasten the 
sound application of FOC technology. ' " - ■ 
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CtiAPTER 3 

* * * • 

■ : CONCLUSIONS AND RECOMMENDATIONS ' ; 

1. Contributions to' a Na tiomal Tfi fcommunications' Agrnd/i 

This chapter summarizes the most importiant of the issues 
discussed above and presents our ^accompanying recommen4a- 
tions. The subject headings, ^under which the issues and 
recommendations are grouped, are ideijtdcal to those used 
in the t^echnplogy chapter; i.e., Needs and the Market, 
Systeiji Development, and Performance, Policy and Regulation, 
and Spectrum Management'. 

These cpftclusioils and recommendations should be regarded ^ 
as an OT contribution .to what is hoped. will become a far- 
reaching dialpgue among all the members of the U. S. tele- 
communication community on the content o'f .a national 
telecomm\inications agenda. And, near the end of this 
chapter, -the reader will find a suggestion^ relating to the 
first steps toward the preparati^on Sf such' an agenda.^ . V 

*NEEDS AND ^HE,^ MARKET 

When ^considering this subject, .one faces a number* of ' ' . 

questions. ^What choices are available .-to provide new 
telecommunication services?* H6w much will each choice 
cost? How much weight should be assigned a given service's 
potential for boosting national productivity? Our producti- 
vity, after all, has in the. past been s^fe&tantially increased 
by telecommunication servipef developments. 

As regards satellite commuiii cat ions, our ..present policy of 
allowing competition in the development of domestic * • 
satellites constitutes an area , of ^concern in at lQa,st oii^ I 
important respect. The 'purpose of . the policy is Jtip 
encourage as many innovative approaches as possible. 
However, thanks to the technical r.egul^tions go^ernin^g ^. 
orbit/spectrum* use, prospective users face a minimum entry- 
constraint^. These regulations may effectively prohibit, the 
•use of all* but rel^ively large eaffch terminal stations. 
The point is thatS tliese regulations 'may thereby be hindering 
the development of^ new'' services fbr both commercial and 
public service sector institutions. For it appears that ' \ 
these new services may benefit. most from small, inexpensive 
earth terminals located on or close hj/. the customer's 
premises. ' ^ ^ . ' * \, 



Policymakers should therefore ^ first verify that smill earth 
terminals systems will indeed 'be sipgul,arly beneficial to • 
the public service sector and that tHe telecofnmunication 
needs of this sector cannot be met as well .by othe^ 
'.facilities. To do'this, they will have to assfess the * 
impacjjt that these new services, will Have 'on existing 
services and the costs 'to be borne by the general public 
using the newsservices. 

k major obstacle impeding the immediate advance of public 
sector telecommunication ^services is the lack of ' a clear ' 
definition of their technical requirements. For example, 
it ^appears that this sector's users^ require systems that /' 
allow customers the use of megabit data^ rates . transmitted 
infrequently. But this has not> been conclusively • 
demonstrated. ' - ' 

Additionally, there is some question .wjhether public service 
sector telecommunication needs — as they relate to small 
earth station technology can be met without demonstra- 
tions that go beyond those of the Communications Technoloqy 
Satellite. , " • ' 

There are other satellite-xelated issues: future U. *&• ^ v 
plans for the 2.5 G}}z band- (dedicated to educational ' 
broadcasting and other pulflic service's) is on^; -the ^' 
availability of thes^' services via ATS-6 when It returns - 
to the United' States is another. These issues include the 
question of cost of the services; this involves concern 
about the ne^d for regional coverage (and how it can be 
best provided) so as to.spSr^ad the cost of. the space ^ 
segment over as many users as-* possible, Consistent with ^ 
Gove2mment's role as' policymaker , the reconunended actions 
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o Government and^ uebr/org;anization8 '^should aaceler/xte 
' the p^roaeee by which the basic aommunication needs 
to be met by public service satelj.ite% will be 
defined.^ They Should also^ determine- -the most ^ 
. econom,ic way^of uslkg such saiellites and w^o will ' 
pay for them, . ' •* ' ' - . / 

Issues germane to Ihnd moblLe radio include-the follpwing: 
the economic viability of ^^he new concepts' ieing prqpo^id 
for use at 900 Mffz, the encouragement . of market ^ interest^ ' ' 
during demonstration phases. of th4se»nfev services, the 
relative cost of these services, the cost of conventiolial 
services at 900 MHz-. compared with- such services at lower 



frequencies, ,and^ the availability of equipment for use at 
*900 MQz*^ We 'beiieVe these issues ^are^ being address^^ by . 
normal market fprcjps;' Government's role, should be limited 
to monitoring the^. prcfgress made toward their resolution .^ 

Further research is needed on the social- and economic '\ 
value of differing •uses of the radio spectrum. The 
objective would be to develop a rational basis for future 
allocation of " scarce regions of ' the: spectrum so as to 
maximize the public h,ene'fit arising from the ailocatiofis. 
The q^iestion of the relative social and economic values of 
radio spectrum use, 'of course, encompasses 'f ar, ,more than - 
just land mobile applications. Moreover, it will involve 
value judgements. . " ^ - 'js. 

Nevertheless, this is no cause 'for ignoring the "issues.^ 
We therefore recommehd that: ' / ' . 

o Spectrum administrators should enoourage further 
, ' research on the economic- and socic^l valued of 
'^services that are provided through 'the us^^i-of ^ 

the spectrum in ot'der to achieve optimum, allocation 
of thijs resource in hhe ligh^ of the^ asepdiaied 
* . needs and markets, ♦ ^ ^ ^ — - ' ' ^-y 

Tj'urning to the issues posed by 'broadband nonehtertainment 
communications, we murst determine the real demand for 'such 
services and estimate wh'en this demdnd is likely to occur. 
This raises questions about demonstration, programs ; -Could 
a program be designed so as better to shov and to develop, 
whatever latent demand might exist? What basic^ require- h 
ments should such a program meet? Who s.hould Inanage it 
and who should pa'y for it?"* Could — or should — the' / - 
s,ervices/ be provided by common carriers, cable^ operators, 
or hybrid arrangements? An ancillary issue: What wily be 
the impact of having available low cost modular' texminal 
and interface equipment? And what will be the necesss^ry 
characteristics of this etjuipment? Thu^: - / 

^ o 'Industry should establish >a group -composed If 
^^induBtry ^ institutional users, and providers of 
public sector services to plan and finance/ .tj^ 
demonstration Resigned to reduce the presjBnt " 
uncertainties about marke^t' demand for ana economic 
^ ' ^ viability of aggregated broadband noneni/ertain- 
ment services* r - 



Witii respect to fiber optic conununication^/ we must^ ' ^ 
identify the npnmilitary .application areas for which this-, 
tedhnology i^^most competitive and suitable. Distribution, 
networks eit,her within large buildings or, between, buildings 
in large complexe^s seem 'to be ^ among the more promising of 
*these possible applications.. ^ ' ^\ 

We should also ponder the advisability of • Government 
support for a public demonstratioji of the us^ of fiber 
optic technology £pr meeting institutional needs. For 
example, 'fibet optics might permit the communication 
requirements of a large h6spital to be- unified, with a ^ 
resultant improvement in its communication system. Such- 
a demonstratiofi might serve to illustrate to a widte ,! 
audj.eiice the advantages of these new techniques. 

Another questiOo should be addressed: is it trud that fiber 
optics will constitute large future market, both at home 
and^'abroad? If it is, th^n it may be desirable for th^ 
IJriited States to accelerate the use of this technology 3o 
as t.q/i^crease' the lik§lihodfa that U. S. manufacturers will 
be^^t5le to win a fair sSare of the developing domestic and 
f^Sreign maifkets. * ' ; , . 



le followipg ^0t6Mie^ are responsive "to the above 

OTP'^ should eetahV\8h a Federal interagency group ✓ 
to identify a significant, broadband communications 
nee<i>^ the satisfaction of which will advance the - 
solution to an important .public service 'problem 
(e.g.^y health car'e/ delivery ) . The*group should 
, then compose a stai^ment of the necessary 
communication requirements as^ a basis* for a fibei* 
opitic demonstration project! 

* / . ^ . ^ 

The De^partment of Commerce should establish an 
,advis4pry' -committee on comm^rc'^ial implications !' of 
fiber optics. , ' ' ^ ' 

\ 'VI . . 

As mentioned earlier, the D.epartment of Commerce/ through 
its Office of TelecommuQicatiohs, has initiated an.„infbrmal 
Optical Communications Task Vorce. Composed of Government, 
industry/ and, universijt'y representatives, the Task Force is 
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designed to explore the readiness, needs, and applications 
Df fiber optic coininunications . The group includes technical 
experts; marketing specialists , and po1:ential users from 
both private and public sectors. It will be useful for the 
Department to d3^aw 'upon this group as needed in establishing 
the committee. I 



SYSTEM DEyELOPMENT AND PERFORMANCE 

This category focuses on systems planning and research, 
performance criteria and measurement, and standards of 
practice and of equipment operation. These ^standards are 
discussed here rather than under Policy and Regulations. 

The elements that compose this category are present 'in many 
.of the stage's through which an item''of,v^equipment of a tele- 
communication service passes from inception to marketing. 

In the early phases of tl^ process, a market is delineated 
and its telecommunication needs identified. Later steps . 
involve, among other things, the determination of perfor- 
mance requirements^ for the systems that kre designed to 
meet the needs bf the new service. Also, performance 
specifications for the hardware must be stated.' This 
process allows prospective supplier's to estimate the cost ' 
of the proposed system. It therefore contributes in an -[ 
important way to- the decisionmaking' as to whethefc the 
servicie 7- or item' -r will be wanted and whether it should 
be provided.' Finally, the interested patsies must 
develop means to .Ineasuire the degree to which the performance 
criteria or standards are indeed being met. ' 

• . • , • ^ ' A ' ' 

In. two instances in the past, closer attentipn to th^se 
concerns might have bfeen ^Deneficial. - First recall this . 
country's casual attitude towards the ability of ultra-- 
high frequency televisioA receiVer-s to reject interference 
from neighboring television stations. Now we are in a 
situation where receiver behavior restricts our choice as 
to the location of new ^Itra-Kigh frequency television 
stations. Th'e other example inyolves t.he susceptibility 
of many Citizen's Band receivers to type's 6f interf erencer 



ip\fql?ying two ox. more nearby transmitters. Because of this 
feature, the expansion of th6 Class D, Citizen's Bands was 
delayed 'and,' limited; this might haVe potentially adverse 
.effects on the market for. this growing servix:e. 
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A word of caution: onc44set, standards may actually intaibit 
progress; ^ it is therefore important~-to esta£)lish Standards 
in such a way;, that they foster, rather than" p^ffft, 
innovation-. This general caveat, applies ,• to a greater or ' 
lesser extent, to virtually all. the issues, outlined below. 

The-develOE^ment of small earth terminal satellite systems 
in the 4/6 GHz and 12/14 GJiz banda'T^-GuixentK^ inhibited 

, by a number of factors ,- among th/m.the need fot technical ' 
standards ;£or their operations ;/PCC Petition RM-2614 
is relevan'I'^to this situation . /The situation is complex. 

.Some pairties oppose the establishment of ■ these systems, •' 
fearing potential incompatibility between theiti and other 
current or planned terrestrial and satellite systems; the 
a\(ailability of eff ective , regulations governing system, 
performance might allay these anxieties. At^the'same time, 
other parties, who wish to begin operating small earth " 
station systems, claim' that it j/ill take too long 'to write 
such regulations; tWe result w6uld be a delay in' the 
establishment of desirable ^e^vices , ' which in 'turn would 
discourage manufacturers and service providers. 

" . ' Ir ... 

Anothel: regulatory/standardg issue currently before the ' . 
FCC {Docket 20468) .has ta do with preparations for the 
1977.W9rld A'dministrative^Hadio Conference. The issue- 
concerns out-of-band (1,1.7 - 12.2 GHz) emissions from- 
broadcast satellite transmitters. These emissions might 
inte^rfere with adjacent band terrestrial services. A 
"Closely related' problem is the -lack of standards for 
selectivity of terrestrial receivers designed- for use' with^' 
the broadcast satellites ; . '^^J- , ' • 

Also important are. the recognitiph and evalyiatio-n^f 
technological -- i.e., hardware ~ and reliability factors, 
such as propagation, ■ that currently limit" the use of ' 
frequencies above 14.5.GH^ for cbmmunication satellite 
purpose:^. ^ • 

y ■ ■ , ' . ' • 

In view of these issues,' we reco^mmend t'hat: ' ■ " -. ' 

o Industry should take the initiative ^ in ■ ■cooperation 
with user's and Governments to Sxplo're the need fo^f ' 
'^criteria and -standards -for srridll earth irermindt ' '' 
_ ■ satellite systems operatJ.ng -in the 2.5, 4, 6, 12^ 

and 14 GHz bands., 'it should. also' a^eis' the' ef.fept' 
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of ^hese standards on fujiuve tBohnolo^.i'eal develop--' 
men'ty and^ if appropriat-3 ^ ^ de.firie performanoe 
criteria or standards fvr FCC adoption". 

0 NASA should undertake^ in conjunction 'with iyidustry y 
to identify the hai^dwire ,'and other reliability 
barriers t^t limit the^ use of frequencies above 
X '\ 14.5 GHz for sd^ellite communi-cations and to 

recommend a program' ^or lowering thede' Tfarriers . , 

Tire' land mobile radio .service' is tdtally dependent on the 
radio spectrum* Its share of the ipep.tri:yn", however, .is 
experiencing very intensive use." ^^fis increases -the • 
importance of our improy^ing the cMiteria^ ^^y which we 
describe and measure this serv^ice'NS performance; it might 
be possible to develop "criteria sinfilar to bhe telephone 
industry's "Grade of Service." We also n^ed some improve- 
ment in the way we asaess these systems-dn terms of spectrum 
capacity and use*^ ' . n . - ' * 

Actions along these, lines could be undertaken by th^ 
institute 'of Electri^cai ' and Electronics Engineers, by 
U'.S. Study: 'Groups 1 and 8 of th6 Int^riatiohal Radio 

/Consultiative Somm^ittee , and by Governjnenfe agencies, / these 
groups should also investigate the J:rade-of fs betA^een \ • 
system perf ormAce and spectrum. ut:n.ization in order to 

• gjiida the develppment of future land mobije systems. 

In view of the r^ceint allocation of substantial amounts of 
spectrum at 900'MHz, some may regard thes'e issaes as 
irrelevant. ' I^yeyer, coverage at 900 MHz coS^arable' to 
that , available at the"^ lower ;frfequenc±es will be more 
expensive to obtain; pressures ta provide conventional 
'services at the lower frequencies will therefore per^ls^t^ 
Without such actions those recommended hereV the - 
congestion currently ex^eri4nded in New Vork and' Chicago 
may eventually spread to others ci££6s. , Moreover, if ^e 
do not obtain a better understanding of these issuesy it 
is likely that a situation similar ttT that which noy/ exists 
in the* 'lower bands will, in time, develop in parts (bf th'e ^ 
900' MBz band as well. ^ - « 

Ahother- issue ,emerg«jE f rom the desirability of coordinatdng 
-Pede.ral^ girant^ to local organizations xor the supp^t of • 
land *moi?ile radio . ^'ederal. coordination is especially/ 
"valuable when individual local users are eligible for 
support from jtwo or more Federal agencies x)r programs. 
, The objective shoul^i be t6 encourage comprehensive long- , 
range planriing and spectrum-efficient. systeip design^* 
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The recommenda'tions are'that: ' ' ^ . ' 

o' Tjl^ommunioati^ona ^uthovitves should 'fo^tep 

fssearoh^to ^develop better ariteria for di^ribing ' 
4 _v a^d measwrtn^ ^and mobite , service per formanoe . ^ 

o \T^leQommumqa£ion aut^rities hhou-ld fostey 

-research to develop A&ft^^ mdtho^s foi' describing 
, <^^<i.^'"easurvng spedtrum eapaoity and uUlization 
J^orx. Land mobvle r>adio.^ systems . ' -/ * 

• .o phe ' Government agency should be responrsible for 

cbord%nating Federal' 8uppo:rt of lodaimand mobile 
rdd^o programs J owing to its-, c^ntraf role , the OTP 
. te. a Ukely candidate. This Fed'e'hal effort should 
support local agency c^tt^mpis to ^achieve better 
spectrujn use and lower costs through the deve'lop- 
'ment of ^ntegraie■d local communication systems 
serv^ng several functions a'r ^ustr groups. ^ ' 

The technical aspects of broadband; corranunication services " 
present some problems. , It is, for. example, kn open 
lT^^l?'' father present CAW- engin^rlng. design practices 

\ l adequate to handle nonenii-ertainment services as ■ 
the- dejriand f or these arises, Will .ei^p§nsive reconstruction 
. be required? Other issues^^nter on- the provision of - " 
-modular terminal equipments and on -questions of. security 
and privacy.- We recommend that:' " - • - ' . 

o Industry and users should seek early resolution of 
certain prohleitis of system ^performance asspciateci 
w^th deVjivery of broadband. conMurtixiation services^ - 
These problem areas include: ^-(1) frequency managemeni 
^n broadband systems^, (2) interface -standards or 
specifications^ JZ) s^o^rity and pjc'ivaoy.,_^and 
terminal equipment characteristics 3, ' • - 

The o^ercial application of - filAoptid communication 
depends on. the development of ad^ila^^^bandards. €0 ensure 
^^^S^ components of fiber, optic -systems are .compatible 
and ^t these systems' can be interconnected with other ' 
.systdins. We conclude that\indlistry sho.uld' 'takfe the 'lead 
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in devising the necessary performance specifications aqd 
voluntary standards. As to. the public sector, here also-* 
action^ is .requir,ed to compose standards of practice or . 
codes As weli as other rules necessary for orderly ^ 
employment of the ^technology. - - ^ 

. • * / ' 

Our recommended action is: ' . 



iO The informal 'O^tioaV Conimunioqtions Task Force 
initiated, by the Office oj' Telecommunications 



should identify what^ specifications (or voluntary 
standards) and cod^s 'are desirable to ensure v- 
rapid and 'orderly implementation of fiber ' opt'^c 
'technology in the commercial and public sectors-,^ 

• ' * ^ . 

WitJi appropriate, action, the above recommendations should 
provide a more favorable climate for new .technology 
applications, 

POLICY AND^ REGULATION • " " 



Turning to satellite communications, current regulations 
restrict the .permaneat use of small eartti terminals; i.e., 
termihals having antenna diameters less phan 5* meters at 
12 GHz or 10 misters at 4 GH'z. Some users *wish to procepd 
with the development of such systems* as soon as possible. 
Future .freedom of choice, however, must not be^. precluded* 
by premature 'approval of proposals for systems that may 
inotdinately "consume" available. spectrum and oi^it 
positions. - 

In\ Addition, we should strive to achieve a more comprehen- 
sive' understanding of the spectrum/orbit and spectrum/ 
geography resources. This means, describing these resources 
more ^thoroughly, assessing their dependence on technical ^ 
system parameters", and studying " the trade-offs between 
th.em. The • recommended actiorfs are: 

\ 

o Govevniv.ent ^through the OTP-^ and o titer 

'agencies —^should reexamine it^ policy and 
-regulations pith re^p^ct to use- of domestic * 
and international small earth terminate satellite 
systems. In the pf^ocess^ it* should 'intensi,fy its 
search , for advpee from interested parties.' 
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» The .FCC and. OTF should give priority .^to obtaining 

additional and more comprehensive descriptions- of- 
• . spectrum/orbit 'and spectru'm/geagraphy . resources 

and the- ^dependence of these on technical parameters 
of satellite siistems , . . 

The regulatory-processhas proved. in many c^se^ to be time- 
consuming; consider' the lengthy decisionmaking process on 
' the use of 900 MHz for land mobile servd)qes. Consequently, 
^ the delivery; of new or improved service^ "to the.public has 
lagged. In faqt, the importance of 'regulatory delays was 
frequently emphasized by industry during the Task Force 
visits. Yet, the natural desire to speed up the system 
must be balanced by the recognition of the need to preserve 
the right of all interested parties to be heard. 

The- FCC hap, from time to time ,/ brought interested parties 
together for informal hearings Wior ^:o formal proceedings. 
These informal gatherings, while having no formal standing, 
cotlld reduce the number of adversary proceedings and 
accelerate the formulation of constructiye solutions. ■ 
They therefore might reduce the delays incurred by full 
hearings. , It is recommended' that : 

Q Consideration 'should be give>i to the deeivability, 
\ • feasibility i and legality of. making greater 
use-of.open^ informal discussions between' 
interested p'arties prior to the start of FCC 
. formal proaeeding.s , particularly those that are , 
t'o^aonsider largely technical, matters'.^ 

Nonentertainmeht broadband communication services might be 
provided by common carriers or as a part -of CATV services 
This situation raises a regulatory issge:'' in many 
instances, it may not be economically Teasible .to provide 
public nonentertai'nment services alone;- i.e. , in the 
-absence of CATV entertainment services as a financial, 
base. But the regulatory problems dissociated with CATV 
appear to be. holding it back and this, in turn, may be a 
barrier to the development of nonentertainment services,' 
The subject of partial deregulation of CATV i& being ' 
"addressed by the Domestic. Council regulatory gr9up, the . 
FCC, and Congress. The Domestic Council reached the 
conclusion that ndt enough data were available on effects' 
of deregulation to support a decision. The question is 
therefore daligling at present. Because, of the potential - 
of cable systems as 'an infrastructure for the additional V 
nonentertainment services tb the home, we recommend the 
following action: ' ' 
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^ o The Domestic Council Working Group^ should arrange ^ 
■ to obtain Aece^ssary research to establish the 
^ " pr/Dbable consequences ofx>artial dej^egulation of CATv/ ^ 

SPEckRVM MANAGEMENT . * 

* *1 - ' , • ^ ^ -f-\ ^ , . ' . > : " • 

Over/ the next three years , the Internationa^. Telecommunica- 
tion Union (ITU) -will sponsor two WARC's dealing wijth matters 
gejnnalie to this ^ask Report report. The first- will take place in 
^1977 and will center on satellite broadcasting services in 
the 11/12 GHz band, ' The second, scheduled for 1979,, will . ' /' 
revise the Radio Regul'ations ; these include the Table of' * * ^ 
Frequency Allocations. ^ ' ' 

' • . * 

These WARC's will , establish the pattern of vrarldwide ; 
spectrum utilization^ for many years to com^. Moreover, 
their decisions may' affect our own rules and r.egulatian§ . 
It is thus imperative that the United 'States present its 
needs eloquently and persuasively , ^ And it is equally 
important that the views both of o*ir Industry and^ of our 
users continue to be heard and considered during the ^C* 
preparatory period. This is particularly true as regardiB • » 
satellite communications and land mobile r^dio, as regula- 
tions favorable to U. .S." equipment manufacturers will help" 
them to becoiti^^or remain competitive in the international 
marketplace. '^^ 

In the chapter devoted to the selected technologies, a 

number -of WARC-related issues were developed. For 

example, the 1977 WARC will consider^ the 11.7'- 12.2 GHz 

downlink fyequencp-. allocation and^ tlie establishment of 

ru]»es for •f reqjaengy sharing between the, Fixed-Satellite 

and Broadcast^^g^^atellite ServoLc^s internationally as 

well as in the United States. Current U. S. policy is to 

maintain a flexible position and not^ to develop any , ^• 

inhibiting rulds. At the same time, U. S. policy favors 

orbital spacings of 4 degreed or less;^ this, restriction 

means that earth station antenna sizes must be greater" 

than 5 meters in the 11/12 GHz band. This not . ^ . 

consistent with-a, full^ flexible policy, 'especially with 

other. countries favoring antenna diameters as small as 

0.9 meters. . . ' r , 
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•Additionally, there^^ is^ at the moment 'an jlmlba lance- in our 
use of those portions of t'he /pecfrum allooafed to the ^ ' » 
sat'ellite services. What can 6r should be done to 

■encouragf^ early employment of the. presently-unused" spectrum" 
above 14 .5-GHz sp as to reduce pressure , oh. the heayily - • 
ufeed portion, below 14.5 GHz? The latter represents merely ' 
Sipercent of the total ear.th-space frequency allocation. 
Similarly., we ^fiQuid re,view bur use of 'the 1850*MHz of ' / 

'bandwidth! I^hat the ' ITU ^ has allocated to satellite services , 
m Its Region,, 2 (North and South America) but tha-t the m'. 
United States is not yet 'utilizing for. .this .purpose . • 

The allocations" at 2 . 5 "^Hzr al^o" pos6 problems 4 We lack a 
firm position about use of thfs b'^d fob ,deli\r|^y -q^ 
public services. Morepver, only.. 35 MHz of thp ^Sand ar^ 
set afeide for tfie Fixed-Sat&llite Service a?id 190 MHz for 
the Broadca-sting-Satellite Service. .Theae re3,«Kti\>^ly small 
allocations dp not, allow sys-tems to extend 'their operations 
to ^npugh terminals to m^e the serv^ices reasonably 'cost 
effective, 'in view o:^ the hi^h cost df the satellite. And,* 
as- the -2. 5 GHr' band is liipited to public servicer use > -the 
cost of. its services cannot be reduced by cotnmercial ~ • 
exploitaticfn . • ' . - 

With. regard to satellite services , as they r,elate' bot^i to " 
t,he-1979 WARC and to domestic allocations ,' our recommenda- 
tions are that: ' ^* ,r , . -v- 

o V.^S. preparation .for' the- 1979 World Mministrati've ' 
Radvo Conferenoe. 'should place emphast-s-'on : 

*■ * • 

, (I) Provision o f 'speotrum space for jsmal'l ecrvth \ 
. ^termdnal satellite, sifs terns . 

. . ' ' ■• \ - ■ " " 

- (2) Optimizdjtion of orhital spacing, .of ' satellites'' ^ 
sharing \ the same frequencies . * - . 

.- ' (Z) ^"'^alar^ce' of ^pectrum/grbit uii'lization above . 
^ ^ and below .14:5 GHz. ■ \ ' 

(4J Need' for great-er bandwidth atlocfftions at 

'/ ,.• 2.5 •G'tiz for-piibli'c service satellites. , *' 

o Public service' satellite us^e^s ^ajiould dete^rnine 

the cost advantages' that hould result from increasin<r 
. the i>anaw^dth availyfxble io'^therfi at ^.5 GHz ^nd use ' 
the informat'ion as the basis for re-questing the^ FCC- 
to negotiate for an increase in i]/e -available 
bandwidth. > ' ^ 



Another WARC-related issue revolves ^around the' planned use 
of the '900 MHz band for land mobile radio services by the 
Raited States. Our. use of this band conflicts with 
• international allocations; as a result, restrictions have 
^been placed on its use along the Canadian and-^ftexican' 
borders. About 35 percent of i:he U. S. land area — in. 
strips 250 miles wide along the ^ no rthern and southern ^ 
borders — is affected. It i^ theig^fore recommended that: 

0 U, 5. pre^ara^tion'^or the^ 1979 World Administrative 
Radio Conference ^ should emphasize the resolution of 
"differences between planned use ^of ^the 900 MHz hai}d 
by the United States for land mobile sy^thms and 
international frec^enoy jzllaaations . 
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2. ^ Composing a National Telecommunt'catiom's. Agenda . 

The recommendations stated above are intended to be aA . 
cpntiribution tb tKe formulation of a national draft a 
agenda for telecommunications; It is hoped that this ' 
agenda will stimulate dp.scussions* among all relevant^ 
institutions in Government and industry and help in 
establishing priorities for action, • - 

Who .might take the first step in making these joint 
discussions happen? There are many possibilities: the 
Congress might hold hearings on issues clearly of national 
import, 'industry and professional associations might 
arrange topical workshops, the academic community might 
sponsor pertinent seminars, and the Executive Branch might 
assume the leadership in a variety of ways. 

Until an official* "Keeper of the Agenda" is named, some 
organization should coliect and process all responses to 
this report as well as proposals relating to the agenda. 
Therefore: . ^ . 

o The services of the Office of Teleoommunioations will 
js^, available for initial coordination of reactions 

to this report and^ by extensivvk of all suggestions 
pertaintng to the formulation oj a national teie- ^ 
communri cation draft agenda. This tenure will laei' 
only until a permanent ^^Keeper hf the Agenda** ' is 
named. ^ > 



To sum up, implementation ojf these recOTtunendations shouXd 
enhance the long-tefm growth of land mpbiie rladio services, 
permit faster emergence of satellite -Communications , and t ^ 

nonenter^tainment broadband services, and facilitate the^ 
application of fiber optics. The resimtant telecommunica- 
ifcion growth will benefit nat o^ly the public and ^the 
Government, who are users, but .also-^E^ustry , wh4.ch wi'li 
^ profit from the. creation of domestic and overseas markets. 
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To emphasize the ,complexity of "lowering barriers to tele- 
communications growth," w^ believe^ it is ^j?€jfthwhile to 
conclude \^ith the .following quotation: 

In an area as complex ahd dynamic a^^elecommunications/ policy 
^ making can be difficult, even ha^aitdous, because of conflictir^g 
pyblic interest considerations, legislation iii the area of' 
, ^ telecohmpnications raises another set of problems because its 
, • scale, Its scope, its interr-irelatedne^s,. its pervasivene'ss, its 
dollar investment, its rapid turnover, its high quality, its . 
impact on almost every aspect of our daily lives, -^ive telecom- 
munications technology a unique position in society^. Furthermore, 
telecommunications technology overrides all the traditional ^ 
boundaries of governmentaj^^authority. 

Many of the effects of telecommuriicat5ions technology, because of 
political resistance, economics or status quo thinking, are 
delayed, slow-moving, accumulative, and outside the chai^ pf 
-responsibility of buyer;, seller, and individual government ^• 
agencies. In' other words, no one has either overall authority or 
mapping responsibility with regard to what telecommunication^ 
technology has been doln^, is doing and will undoubtedly' con-' 
tinue to do on a greater scale in the ftiture. 

All of this places a vfery. heavy burden on the legislators, the 
bureaucracy, the telecommunications industry itself, the public 
interest groups, and the academic and research comlhunity. Some 
very difficult decisions lie ahead; let'^s hope that these decisions 
will be as innovative, as flexible, dnd'as far reaching as the 
^ technology they hope to implement. 1/ 



1/ Alan Pearce, "A Survey of Telecommunications Technologies *and 

Services," Subcommittee on Communications of the Committee on Inter- 
state and Foreign Commerce of the U. S. House- of 'Representatives 
(GPO 63-552, 1976). ^ 



• Appendix A * ' 

REACTIONS TO THE DRAFT VERSION - ; ' ■ •'• . 
1. Analysis of Reviewer Co!^ments • • * ' '^ 

INTRODUCTXON " . ' ' - ^ . , ^ ^ * 

A draft version of this report 'was reviewed by a number- of 
organizations. ^. As a part of the process o£ reviewing and 
• verifying the draft, it was* sent (November 1975) to^ 
'approximately 40 industrial fiiims interviewed during, the 
actual Task Fo^ce effort. As the existence of the draft 
became known outside the Department of 'Connnej^ce , requests 
for copies were received^ from additional organizations; 
'and it was decided to satisf]^ "all suc'h reques1:s. ' Eventually, 
the draft was sent to^a total of 70 nongovernmental organizations 
(-64 industrial firms or trade 'Associations and 6 academic 
institutions). Additional copies were provided to Congressional 
Committed staffs and Executive-Branch agencies having close 
invblvementjin" one or more of the. topics covered in thg 
report. , " ' " . — ' - * * 

Cominents (mostly written, but ^ome by. telephone) were /-S^ 
receiv^ed frbm ^0 organizations.' The scope of these comments 
varied greatly — from a simple statement of full agreement ^^it^ 
to an item-by-item listing of disagreements or extensions. A . '".^^ 
great diversity of opinion was* ^obtained, on many ©f the 
significant issues and ^assessments. * . 

An internal review, along wi-€h consideration of al^L comments 
received, led tp a final report having a somewhat diffexent — 
purpose and structure (as has been discussed previously). 
However, .it still seerfis- valuatx^e to provide an analysis pf 
the outside comment's r^eqeived and the ways in which they 
were acte^ uponi 'This appendix fulfills that purpose. In ' . 
addition, the four individual technical sections include 
resolution of coipments specific to those areasr 

SVMHARY OF ANA^LYSIS OF COMMENTS ^ \ , ^ ^ * 

The comments vary'widely, both in ^the^r^ tiontent and their 
support of ,02:. disagreement with^^th'^ ^ draft. This diversity ' - 
of views is- hc^t sjirprisin^g ^ iTi-^ light of the several industry 



^ topics addressed in the draft, and the widely' varying pro- ' 
' tie'reJpondeS.'"'' t-<=hno logical leadership represented" by 

A general observation' can b^made about the coitiinents from ■ 
S/'^^^^^'i^i- ^""^^^ association organizations: their 
5 appajfent self-interest^, Coriunon carriers 

expressed great concerrjUbout statements that eve'ntuaUy 
might influence competition in their regulated operations. 
Large manufacturers topk' issue with possible Government ' 
actions they believed plight interfere wi£h the -private ' 
market m which they had already established a dominant 
>position. Small or .new firms welcomed Goy.ernrttent actions 
because they believe their less than, dominajit market posi- 
tion would be helped.' In contrast, the' comments from re- ' 
viej^ers m -academic, nonprofit researbh, or governmental 
oirg^nizations /were more supportive of the draft concepts and 
more anxious for the Government to take action. As a result 
int^pretation and judgments' about specific comments must 
also consider the type and pos^;We biases of the respondent 

While it might be tempting 'to "count" the mix of favorable " 
and unfavorable comments on particular parts of -the draft 
*report, this approach would not produce meaningful results ' . 
because: (a) classification of, many comments as favorable or 
unfavorable would be highly subjectiv-e, fb) tljie actual 
respondents may not be representative of the views of all 
industry sectors or G6vernm,ent agencies, , and' :{c) • the com- • 
ments_of many^ individual respondents covered a variety of 
topics at the 'same time and .were difficult to separate knd/- 
or assess individuaUy . This final report follows the ■ . 
alternative approacM of analyzing each of the approximately 
100 identifi^le cofnments.. A subsequent ^ectibn of this 
Appendix presents thes^ comments , '(organised into' nine groups 
of similar topiqs)/ and briefly discuSses "how the final 
report' responds to each point. The following paragraphs 
briefly summarizys -the main issues raised in the comments and 
how they- influenced the final report content. In general, , 
it is seen that all comments were seriously considered; and 
the final report is in essential agreemejit with most o& 
them. ' ■ ■ - . ' • . 



GENERAL COMMENTS 



I;i' 'this category are several- comments, general in nature, • 
riot appropriately classified in the subsequent eight sectioxite 
The significant comments in this, grou^ either supported the 
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thrust of the repott or tpokr issue with one or more 
;Of the underlyxng premises of the TasR Force/' Several ■ 
' reviewers sai4 the report raised the right issues and partic- 
ularly .Stressed the. i^nportance of not isolating the consid- 
eration o^ policy from the... technology. 

One of the underlying premises that was "disputed is that it • 
IS possible or ^sii-able t;o accelerate applications of 
technology in telecommunications (or elsewhere). A* similar 
point \ias often made when .questioning the. proper role o'f 
Goyernment, which is discussed in the 'succeeding sections. ^ 
^his- argument was .accompanied by the statement that appli- 

■ cations . of technology will be made when an entrepreneur 
believes- it is economically worthwhile for him to do "so; he 
takes a risk and. sometimes he wiifis and sometimes -hq loses. ' 
The Task Force recognized this, point, and the actions it 
proposed were meant to enable a better defined and more 
complete basis for new technologies/services to compete in ^ 

• that decisionmaking,^rbcess and in the marketplace. No 

. actions were suggested that would involve the Gover^ent in 
developing or operating, telecommunication services. However;, 
the final report -is still built upon the premise that there 
are usefuT actions that can be.., taken by someone (probably 
Government and indus-try" jointly) that would ensure or accel- ' 
erate realization of benefits to the United States from the 

. applicant ion of -certain " telecommunication technologies,. 

Another premise identified and rejected by some reviewers 
was that one agency, the department of Corpfierce, could do 
anything in this -area, where other agencies of the Government 

.al'so had^ jurisdic"ti^0n and responsibilities. This concern is 
valid, bbt should not be a basis for inattention' or inadtion. 
The thrust of 'the' final report is, different froni the draft 
in that it focuses .on useful actions that shovad be taken by 
someone, b\it does not worry about what person, or what organi- 

^zation that should be. . . \ ' . 

Several reviewers did not feel comfortable with the premise 
, ^^i^ J telecommfinication industry and/or technology is nojb^ 
moving -forw^o^d in the* United States. As the final report ' 
discussea, the situation is one of unrealized potential in 
which the United States may not retain it4 present superipr 
position unless the rate of progress is increased in <Ser- 
tain afJ^lied areas. In .many areas, such as domestic satel- 
lite systems^, and. digital communications', other nations are 
catching up very rapidly. Admittedly, the relative posi- 
tion of the United States in technology applications and 



A-3 * 

ERIC . 



/technological innovations remains a controversial topic ♦ 1/. 
/Government, industry, and academic circles have been actively 
,'discussihg this subject in itecent montI;is; and how real these 
concerns are can only^be determined as 'time p^^^es or more ' 
information bec6mes available.- ' a , • 

^ . ■ \ ■ . 

A few reviewers attacked a premise they perceived in the 
draft that telecommunication applications should be estab- 
lished that \Jiould duplicate the existing . U. S. common Carrier 
system. The final report * clarifies that this premise was 
not intended to be conveyed and'^also states that applications 
of certain new technologies need not be limited to common 
carriers, - * - • 



ROLE OF THE FEDERAL GOVERNMENT \ 

A very "large proportion >(almost' a quarter) of the comments 
of the reviewers are focused around the issue *of what' is a 
proper and acceptable role, of Government.. This i^rie^cpected 
reaction appears to be a combination of' overstatements' or 
misstatements in 'the draft report and overreaction oiT the ' 
part of some organizations who foresaw a move toward greatly, 
.expanded Federal»reaulation or other interference in the* ' 
market they servis. , ' ^ ' ' 

Most industrial firms stated there^ was a valid justifica- 
tion for the Government" fulfilling certain functions rela- 
tive -to the 'telecommunication industry but there were . 
s'everal strong pleas that this Government role should be 
severely limited and constrained.' However, almost all 
reviewers from academic institutions, nonprofit research 
organizations, and Government ^agencies argued for a strong 
Government role 'as the ba^i^is for .protecting the ,/*public 
interest" Or .in order te^/achieve specific national goals. 
-Undoubtedly, ^there will be continual, pe'rfiaps perpetual, 
discussion and con^froversy about the pr^eferable role of the 
Federal Government in telecommunications in thei» United 
States • \ , « 
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1/ The 'recently released Seventh -Anntial Report of the National Sdience 
Board, Science Indicators 1974 , includes * considerable data and <fis- 
cus^sion echoing these concerns on the present state of p. S. Science 
and^technology. ' ' 
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mosrol jL-^^nJ comments and because this issue underlies 
* SHcusfi^^ on recommendations, t'he .final refiort includes 

discussion on the rationale and ..alternatives for the- Federal 
Goverma^nt role, ■n.e .final feport continues to ope?ate • ' 
T^V^ J premise, as did .the Kjraft, that Government has a 
valid concern for advancing the bfeneficial appli<:ation- of ■ 
present and future t9decommunication technology.' At the 
?Jv;.^i"'^:^i^ there is no .need for the Federal 

Government to-be m -the t^lecommqnication operations lusi- 
? otherwise -undertake developmei^t activities where 
?• f ^ sector^ IS able and willing to-do so. Moreover, 
^^1^^";^ T-^^ ;mphasis is. on identifying a national 

assumptiqn that these. wii; probably 
be carried out .:,6intly by Government, and industry. ' 

Several comments focused on. the particular 'role "of the ' 
•I Z ?5 T.elecommunications*(OT) and how active of neutfal ' 
It should be in actions that might rfejbult from, the Task " 

°^ this^q,^tion is not necessary 
since the final report does^not include discussion of any 
specific OT future programs. . . ^ 

INTERNATIONAL TRADE\^ ' , . 

' - ' ' . ' ' - '■ 

•Several comments were red^ived' which expressed disappoint- 
ment that the draft did not address international trade 
matter^ m telecommunications, ev%n thoilgh significant 
issues in.thdt. arfea were raised d;^ing the Talk- Force inter- 
views with .industry organizations. Some comments specifi- 
cally stdted; that the u. S. Government should take certain 
actions that would facilitate and assist U.S. telecommuni- 
cation firms doing business abroad. 

By a high level decision in '^^li^epartment of Commerce sub- 
sequent- to the interviews, international trade wais deleted 
as a subject of concern midway- through the Task Force effort 
on the basis that it would be pursued, by /the Dom'^tic and 
Ihternational Business Administration> which has ^imary 
r^ponsibility ^n the export .promotion area..' Therefore, tl 
draft and the final report do not include discussion or ( 
action recommendations in this\area. However, a summary oi 
the comments obtained by the Task. Force Muring industry 
""^^^f^^^^^^^" ^^^^ °^ international trade barriers was 
added to the final report ih order that this information ' 
would be available to those pursuing ,these issues.- 
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*R^GULATO'RY ACTION 



Several' comments concerning telecommunication regulation 
'Stated that regulation by .the Federal Government often 
inhibits the a'pplicaticTn of' technological innovations • 
While recognizing that some regulation by^ ^Government in 
telecommuirications was necessary, the comments from industry 
showed, concern about inadequate efficiency or ^ speed of ,the 
process iA the past." ' ' ' • * . . 

The Bthefr. main concern expressed *by the reviewers was that 
OT wouM interject itself, into the regulatory'^process ^nd 
thereby cause, additional regulatory .delays. While" the.^ 
prima/ry action on OT's pari: contemplated the , filing* of^ 
regulatory comments to the FCwwhen there Was a^valid techr 
nological issue and need, the ^final report does not 'discuss 
thi^ area, since the purpose of the report^.i? not directly*^ 
rela'te^^U^o OT prc^gram^ plans, . ^ * ^ " 



DIRECT SATELLITE COMMUNICATIONS 

I ' ^ » * 

Reviewers from both lanrge and small .manufacturers djLs&^eed 
with the draft implications that (i) U« S. technology *£or 
the next generation small earth station^ is not advancing 
adequately, and (2) there is a need for" demonstrations of 
such sartellite technolagy. These^ commen^ts are correct*^ in * . 
that satellite technology is advancing rapidly in the^ United 
States; but, as the final report discusses, thferle are still*- 
concerns that oiAer nations are catching up irapidly (<jr even 
excelling) iri- cer^tain area? important to next generation 
direct communication satellites/ The comments "^re co^ect 
that demonstrations of satellite technology, xnci^*|^^^l4:i.ii 
earth' stations, are not needed ^ince all neces^aryc^^ompo- , ^ 
.n^nts have been tested' in operational of experimental^ satelli 
systems. However, thejre are unresolved technical ^nd^' 
nontechnical issues related to future communicatiorllS'' that 
must be investigated^efore significant applications are 
feasible. These i^ues particularly affect the mai^y proposals 
for public segtor applications that involve large networks 
of interconnected earth stati-ons via satellite. The final 
repoirt (Jiscus^es^^these issues in detail.^ 

Several reviewers ' commented favorably qn the concern^J and 

objectives pf the draft in the .satellite coiT tfn unicdLj b ons- 

ai;ea. It was concluded ^at the Government had' to play an 
important role in development of next generation netwprk 



systems. arid that a network demonktration may be need6d/to 
gain user support .and interest. .The final repor't identifies 
'^\r. T^l- ""f^^ address-ed in Considering, pi-Hnn±nt 

,or conducting such- a network demdn^ration projlct with 
Domt Government and industry participation. 



LAUD mobile', RADip 



.A sizable number of commeh'ts were* received relative "to ' the! 
Jand mobile radio discussion. " Several equipment manufac-"^" 
turers and trade associations active in this industry felt 
the industry was in better- shape ahd making more- technical' 
progress than was implied by the draft discussion. Some' 



thought that the characterization of .the industry a^ traa- ^ 
mented was particularly harsh.. The large manuf a'cturefs in a ■ 
dominant position, in the 'industrir stated the indus'^E^Thad 
> made, and, was continuing to make, .great progress in sdueezina 
more users into a limited spectrum and that • little "if any ' 
^^^^^^J^^^ ne'eded on the part of ' Government (e:icept to ' 
allocate, more frequency -spectrum arid to reduce ifegulatio'n;)^: 
Several reviewers disavowed t^e present eMsterice of. spectrum 
Shortage, except in two major cities. Several reviewers 
felt th* -draft did not .fully ref.Uct the considerable 
■equipment and systems -developments i'ndustry was pursuina for 
application in the new 900," MHz ban<?..^ , 

As the- final report discus«^es ,. land mobile' radio is an ^rea 
• where slow, steady evolution h^s been the rule (and will 
^ oontinue) . 'rather, than any great ^airticul^r. barrier or great 
leap fo;:ward bem^ involved. The^final report presents a 
more complete description of tha. industry ' s past progress 
and, present position than the dfkft. ' Despite a steady 
imprqyemen.t in spectrum utilizatidnV ther^ is still concern 
that improvfed integrati-on and extensioiji of knowledge % * 
about the planning and perforipance of land mobile communica- 
tion systems are required if t^e/riecessary speotirum utiliza- 
tion improvements arre to con'tinue. , ■ 



BROADBAND COMMUN'lcS^IOlfe^ flETWORKS 



A , 'considerable number of commerits Vere received concerning' . 
broadband distribution, which was one of the four technology 
areas discussed at- length in -the dtaft.' Although the 
written discussion was . concerned with a wide range ofvtele- ' 
Goramunicatipn services for home, industry, and Government • 



that could be .provided -over new, broaidband system? { including 
two*-way services utilising fac^imile^ data, or video) , 
almost all, the comments spoke in terms ^of the difficulties 
the 'eabl^ television industry continues to encounter. The 
comments agreed that market uncertainty and financial weakness 
of the industry were -the mlain problems causing the lack of ^ 
'predicted growth in the cable television^ Industry. The need 
to expand in"^o nonentertainment functions is recognized as a 
necessary" ^sQurce of additional -revenue . The on-going issue 
of deregulation of the cable iriaustry -and ^competition with 
existing common carriers was also raised. The- reviewers— - ^_ 
supported the concept of a demonstration as a way of advancing 
applications, although tWfey ideVitifidd uncertainties as J:o 
the source of funding for such a dempnstration. The 'final 
report identifies the issues and alternatives involved in 
such a demonstration. 



Three common carrier organizations pointed out that exist- 
ing common carrier netwprks "^c^ld form a distribution 
structure for future broadband' distribution systems. Th6y 
particularly objected to language ir^'the draft that appeared 
to exclude common carriers f rom^t a •demonstration o/ future 
broadband .distribution systems. There was no intent to 
exclude the common carrier network from this application 
area; but at the same time the report did *not mean to limit 
broadband distribution to common carrier systems. As the ' 
final report discusses, one of the issues requiring inves- 
tigation concerns" the most app'ropfriate distribution, mode or 
modes^^for broadband services. 



FIBER COMMUNICATIONS ' - , 

Five reviewers commented specifically on the discussion of ' 
fiber optics as one of the communiqation technology aireas 
having ^potential for future applications' if barriers are 
overc6mef, In general >- the reviewers' agreed on the beneficial 
.potential of fiber optics for;^ broadband communication 
distribution. They echo some of the concerns and. issues 
th'at still . surround appliCQ.tions in this area and the final 
reppr.t presents ari-"exparideaN4iscusaion which incorporates 



these comments. Comments empnasized the uncertainty about 
the point at whiph fiber optica is- economically equal or 
better than other wideband distribution methods, such as 
coa^^ial cable or waveguides. Th'e nped, and value of an * 
application demonstration remains a question ^rid the fin,al 
report addresses this question. • ^ 
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Three common carrier' organizations objected to the fiber 
; optics dispussion of the draft which talked about applica- 
tions in the ^context of noncommbn carrier functions, since . 
t^ey felt that optical fib«rs used within a building for ' 
distribvition would.be a common carrier" function. Tire use of 
tne term ndncommon carrier in the of) tics section in the < ' 
draft was uncl^ai^ and was not meant to exclude the common • 
carriers frqm this application arek. What was meant* was to 
characterize some areas" of flbfer optic communications that 
could possibly be served by othe^r than coitimpn carriers. For 
example, It is not clear that only common carriers should be - 
. ^ble to utilize fiber optics for distribution purposes, - 
including th^ iritrabuilding use. • . 

.This issue remains a.n open question ank involves many of thW 
same issues as the interconnection of other terminal equip- 
ment and telephone .lines. .The final report also recognizes'' 
either possibility and identifies this as an open queltion. 



CONSUMER ELECTRONICS 



Five revie'wer.s made comments about the draft discussion on 
barriers to recapturing the U. S. consumer electronics 
market. All of them felt that this problem was different 
from the other areas discussed because technology had 
less of a part to play. , , ' • , .• . 

The Office of Telecorrtmunidation^ Policy also commented 
upon the consumer ' electronics issue , as follows: 

'.' f'^^^® ..^^■'■®'^°™^^i<^^tioJ^s;^t)alance- cJf trade issue 
^ is indivisible and necessarily involves considera-' 
tion of both exports and iirtports. This matter 
is of primary concern to the interagency trade 
balance task force, established at the behest 
of Congressman., Tor^ert Macdojiald, Chairman 'of ' ' ' 
the House Communications •Subcommittee. Its ' 
members, which include' the Department of 'Commerce ■ 
(piBA) , th^ Office o^ the Special Trade Representa- 
- tiye, OMBfand the State Department, have yet to 
determine whether or not any such problem ,in'deed 
exists. I hope that any .specific action by the 
Department in \K\s area will await the completion 
of at least, the Initial work of this task force ' • 
and will be coordinated -with the other task force 
members through the Department "of Commerce's 
representative". •"■ " 
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Following receipt of OTP's views .as set forth above, 
the Teleco)n[\munications TJask Fojrce agreed to. terminate 
its consideration of the consumer electronics issue. 
Accordingly, this subject is not addressed in the final 
report. . : ' 



' 2y DSTAtLPp Rt^ SPONSF TO Rfvifwfr HnuMF 



^This major -section presents -a detailed response to -all 
\- reviewer coiranents received. The conunents are groined into*, 
sections dealing with similar topigs. The left-hand colvimn 
svimmarizes the §ubstan'ce of each item of copivent, as much as 
''possiblej<i.n the words pf -the reviewer^ The r'ight-hand * 
Qolumn biriefly evaluates the domijient substance and describes 
how the final repprt achieve^ > disposition of that pqi-nt. 

The following sections are used for grouping purposes : 

t Section 1. General' Comments '' " 

SectlQn 2. Role of the Federal Government 

ition 3. International Trade ' ^ 



Section 4. Regulatory .A^dt,lon * y 
Section^ . ^ .Di^xect Satellite Communications 
Section 6. ' Land 'Mobile^ Madio 

Section '7. Broadband Communi'catiqjXiS-- Networks 

Section 8. Fiber Optic Communicaiions 

Section 9. Consumer Electronic^ ' ■ " * 



Section 1 General Comments 



Substance of Coimnent. 

Ai The Pirector of International Projects 
for an international common carrier and 
.equipment .manufacturer took issue with 
fundament§il, factors which make any action 
program from the Task Force incomplete. 
Restricting* the study re^fert.to domestic 
.elements is incomplete/^ince the telecom- 
munication industry is very internationally 
minded. Secondly, the main study attention 
to the technical and regulatory aspects of 
the problem, to the exclusion' Of many finan- 
cial and market considerations &f f ecttng , the 
introduction of new telecommunication tech- 
nology to ^the marketplace, leaves outran 
important area. An expanded base of the 
* study is necessary to produce a reasonable 
action program "^(i. e . , includes tax ratefe^ ' 
depreciation rates, and availability of 
needed investment capital). Tlie third fun-^ 
dainei\tal factor concerns the proliferation 
of U. S. Government agencies involved. He 
criticizes the implied assunjption of the 
report that expert- guidance or reconynenda- 
tions bjj^DOC would i)e , accepted by other 
agencies, particularly those areas where 
'those agencies have primary authority. 
He indicates such is. not the nature of 
Government agencies. 

Bv The question of application of new 
technology'^s said to be primarily economic 
by a major equipment manufacturer. A com- 
pany doesn't make investments (even new 
products are capital investment) unless the ^ 
pay-back period is very short, normally 
less than two years (since there usually 
are many more economically rational CcUidi- 
dates than there is capital to finance 
them). ^ 



» ^ „ Response to Comment 

His points are well taken and have been 
considered, although DOC can* do little now. 
to^rchange the approach. , The first two are 
outside the scope of the Task Force final 
report. The third factor bf uncoordinated 
Government agencies is recognized as a diffi- 
culty, in the final report discussion even 
though Government reorganization is beyond 
the scope of the Task Porce. 



The final report recognizes the necessity - 
for expected economic; returns before pri- . 
vate firms will, invest significant capital 
for new applications. However, -t^jere may. 
still be a valuable Federal role in clarify- 
ing the technical issues or in arranging ^ 
initia-1 trials*with groups of users in order 
that private firms gain sufficient confidence 
and experience to convirftre themselves the 
'pay-back pe^riod wil^l be sufficiently short. 
There is not necessarily a conflict: between 
these two views. 



C, The director of an acader[iic-based policy 
center stated the subject* matter and'*prOb- 
lems 'addressed by the draft report are ambng 
the right ones and the technical or economic 
questions that were raised are certainly 
wo;:thy of notd. However, he found questions 
of administration, responsibility, and over- 
all policymaking struc11u3?^',so thoroughly 
intertwined with the substantive patter that 
controversies over the former inevitably 
becloud the 'latter. ' This is unfortunate 
^ince the problems must, be addressed^ what- 
ever instrument might ^eventually develop to 
do so.- H is recommendation ^s that the 
future draft separate findings and analysis 
from structural recommendations, in or^er^ 
to help focus substantive discussion in a 
more productive way. 



This criticism isf justified, since the 
treatment of the draft made it very diffi- 
cult for the reader to separate premises 
from anajlysis. The final rapport follows a 
nmch different format and organization that 
should go a long way toward responding to 
this recommendation. 
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^ ^bstance of Comment 

D, The point is made by an equipment 
manufacturer that technological develop- 
ment, -even when successful, does not auto- 
matically result in public demand for the 
product. Each company takes a slightly 
different tack as how to utilize advances 

in the state of the art — some win and some 
do, not. 

E, X manufacturer felt tHat the 
telecommunicatTon industry was indeed 
presently moving technology forward, 
although the draft report asserts otherwise. 

F, An academic-based reviewer gave a very 
strong recommendation for OT addressing 
policy aspects of teleeomraunications, par-* 
ticularly since policy analysis does not 
often enough address the Interplay between 
technology and policy. ^' 

6 I A large; common carrier strongly 
disagrees that the United States is no 
longer in the forefront of innovation in 
telecommuijications and argues that th^ 
United States continues to be the leader in 
this area. 



H, An industrial reviewer comments that 
tables 3.1 and 3.2 of the draft report are 
not a good representation of what exists. 
As^an alternativ^e, we should just put an 
"X" in one box in each column, because 
indicating a problem can really only indi- 
cate the most severe problem, and that if 
'that problem was overcome,* then another one 
would become the most severe. He uses 
broadband networks for local distribution^ 
as an example and states that only the 
regulatory impact issue deserves- an Vx" at 
the pi?esent time. The reviewer suggests an 
alternative framework for the tabl^ and 
presents a revised version of one table. 

Ii A common carrier disagrees with 
numerous entries in the matrix tables of ' 
^•^V^nd 3.2, which present summaries of 'the 
barriers to appl-ications of technology and 
the. perceived reasons why industry is not 
overcoming the barriers, 

J, A large systems-engineering company 
found the draft* r^eport very interesting. 
The overall observation was that the report 
is mor^ applicable to hardware producers 
than a systems-engineering company* ^ 



Response to Comment 

This situation is true and is recognized in 
the final report. Nothing in the re^Jort > 
meant to claim otherwise and the planned 
programs were oniy^ meant to enable a better 
def ine^i and more complete basis for these 
products to compete in the marketplace. 

The^ final report recognizes the progress 
being made in certain technical areas but 
still "talks about some areas where Setter 
progress is possible. 

This rei;iforcemeht of subject importance and 
Federal role is accepted as support for the . 
relevant portion of the report. 



The final report continues to recognize 
mounting concerns ' m the available data and 
the conclusions o^ others 'about the U. S. 
technological positions. In many areas of 
telecommunications, this leadership position 
is apparently becoming eroded.' This is not 
to say the United States- is still not Number 
One in most areas; the T^ask Force was con- 
cerned about trends that must be modified or 
reversed. These concerns are becotnmg 
increasingly evident in other studies and . 
assessments as well as in the public media. 

The content of tables 3.1 and 3.2 represented 
the combined judgments of Task Force members 
and industry respondents at the time the draft 
report .was prepared. As the comments' illus- 
trate, it is difficult to represent^ multi- 
dimension situation in a simplified way. This 

presentation device is not used in the final 
report. 



See response H above. 



These comments are correct. 
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Substance of Comment 



Response to Comment 



K, A senior representative of the U. S« 
Postal Service dealing with advanced mall 
systems development stated ''the' programs 
proposed in the draf^ report are important, 
imperative to the domestic economy, doable, 
And should be done. 



This comment is accepted as support foe the 
general purpose of the report. 



L, A large common carrier stated that th^ 
draft report proposed programs that would 
. involve noncommon carrier applications, h\ii 
felt that there is no economic pr technical 
support for the need for a duplicate system 
similar to the existing common carrier 
system; 



■fhe reviewer is correct in this concern. 
There is no intent to establish a duplicate 
common carrier system and the final report 
makes this clear. At the scune time, it is 
not th^ intent to prevent noncanmon, carrier 
alternatives from being established in some ^ 
&reas if such action pr^ents clear economic* 
or technical advantages. ♦ 



M, ^ A senior representative of DOD supported This comment is accerpted as supportive of the 
the, four technology thrusts proposed, al- concept and need for techrtology d.emonstration 
though he was not dn total agreement with in certain ,areas. _ , . * 

' all the comments, conclusions, or findings.' ' - 

He particularly supported the idea of teeh- ' , 

nology demonstration progtams to put tech- 
nology pieces together. in a system and user 

application sense. He felt there were varir. - 

ous levels of maturing technologies coming 

along,, but no one with resolve or funds to ^ 

put it all together ' into 'a system. • , ' , ^ 



Section 2 — Role 'of the Federal Goverttt^ent 



A, The director of a DOD advanced research 
agency commented that the draft* report (lid 
indeed identify a number of major problem 
ar^as in telecommunications which are in 
need of attention at* the Federal level. He 
feels that OT can ai\d should play a leading 
role in lowering the barriers to telecom- 
munications grpwth in the area 'of tariff* 
and regulatory policy by stimulating new 
capabilities and service offerings. Tech- 
nological change can 'be encouraged in are^s 
that were previously subject to domination 
by one or a few large enterprises. This 
agency stated a willingness to work with OT 
in improvinj^the technical and economic 
basis for regulatory decisions. 



The comments are supportive of the concerns 
and jrecommerldatlons of the^ draft and final 
rej>orts. However, the final report covers^ 
the regulatory and trade areas in very limited 
ways^ ' The offer of this key advanced research 
defense agency to cooperate in improving the 
technical and' economic basis for regulatory 
decisions will be, utilized as neetded. 



/ 



B, A representative of a very larg^ The final report discusses the need a«d 

equipment manufajpturer takes issue vith the ^justification for a Federal role more exten- 
premise of *the report that .unusual barriers sively, since this is a^ basic premise under- 
to telecommunications growth exist. ^ He sayg lying the rest of the report. The final 
normal barrie^rs exist in any market '.and- -- -«port still concludes there is a need for 
concern should arise only* if there are ^ Federal action in some of the areas studj.-ed 
factors that distort the growth of the total and therefore will not completely: satisfy 
national corporate body. Distortion would those inside or outside Government who argue 



be evidenced by internal awareness qf the , 
retardation, which would tak^ the form of 
constant public outcry for some aspect of 
telecommunications that is^unf ulf illed. 
He did not see such outcry in the United 
States. That private^ enterprise wants a 
more open-door policy with regard to what 
i^ envisions to be new opportunities for 
return on capital should not be automati- 



on* ideologic2^1 grounds .that the Federal 
Government do nothing that might 'interfere 
with the free market process (which in turn 
excludes any centralized planning or Strong 
guidance ii) the area* of technology). The / 
final report fully supports the principle 
that any new product or service must eventu- 
ally compete jon economic grounds with alter- 
natives, but that, for the public^ interest/ 
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Substance of Co mment 

^ 9^ 

■ cally assxamed to be a public outcry. for new 
services.* The role of Government in a free 
etronomy is to see'that^the doot^ are kept 
open^ (except where in fact a natural monop- 
oly is judged to existi^nd let the free * 
marJcet interplay det^xmlne which new 

"products or services wi/i or fail. 



t. The general comments of this lar^e- 
supplier of tel'ephone equipiqent and services 
applauded^ the intent of tbe study but dis-' 
agreed with its perceived underlying philos- 
ophy. It wants the Department of Commerce 
to carry out its missiqa through cooperative' 
and supportive programs rather than through 
active interjection of the Department into 
the free market process, it agrees industry 
cannot do the job alone in many areas but . 
does not want the Government to attempt^ to 
inject itself into the stream of prorduct . 
design and market development. It refer- " 
ences^present administration policy to 
Bmphasize less rather than more Government 
par-tici^Jatibn in business affairs, \ 

D, A large common carrier stated that the* 
draft report: appeared to recommend ,a sub- 
stantial move toward added Government y 
involvement in industry matters. This 
could be counterproductive. It allSded to . 
President Ford's ^jolicy for less Government 
participation in the affairs -of ihdjastr^^ 



E, ^ A large equipment manufacturer oppos^ 
"more GOvernmei^t, " but encou^;;ag<fe4 "bette^tf.^ 
Government," such as less restrictive tride 
f>olicies and more support for U, S.* ^ 
exporters. « 



' ^ • Response to Comment 

the Federa^l^Government may stimulate ' 
investigation or dev^Mitetit of a ndy tech- 
nology to the point tnaC^^fair market test 
is feasible. The justification is that there 
are significant benefits that c6uld accrue to. 
the nation if the new technology passes the 
economic and, utility*' tests. While everyone 
agrees witH the principle* that the Federal 
Government should protect the public interest:, 
the disagreements occur when defining what is 
in the public interest. ». 

The heart of this issue is ihe role of the 
Federal Government in relation to private 
industry. The final report discusses this 
issue directly and explores the types QJ& 
Federal activities that are justifi^flhr The • 
thrus^ of the argument is that some Federal 
role is justified in the public interest. 
The Government d^es not intend to inject 
Itself into product design or market develop- 
ment although some of its actions taken in 
the, public inttrest may have impacts on 
market' results. The report* seeks to avoid 
distorting the free market process, even 
though it is recognized any Government pro- 
cess (including ^already existing actions) may 
have some differential effects on firms or 
industry sectors. 

Certainly telecommunications is an area where 
ihere is already considerabjle Government 
involvement, for a variety of justifiable 
reasons. The purpose of the Task Force was 
hot to, add to this but to make it more 
effective. It sought the positive role of 
facilitating market activity, not restricting 
it, , The final report clarifies these objec- 
tives and the 'recommenfied actions. We do 'not 
believe' that the result of the program will 
be counterproductive to existing public objec- 
tives. Indeed ^ one of the conclusions of the 
..report is- that- more extensive disci^ssion 
^between Government .and industry is^ desirable 
in order to avoid any counterp^ifoductive 
actions. There never was any intent to 
su^plant»industry activities, so there is no 
conflict with Presi<3ent Ford's policies, ■ 

The final ret)ort discusses the Federal role . 
that should be compatible with better 
Government rather than more Government. ^ * 

4 . . 



1 ^ 



F. The reviewer, from a consulting/r^earch This distinction is recognized and the final 
organization, points out that new telecom- report continues to identify this as a useful 
municatioa,^5usiness developments often can , Government role. 

be accelerated significantly provided that". * - » ' ^ - 

a "missing ingredient or catalyst is intro- ^ * 
duced. *^ In many situations, ^this ingredient* 
^an best be provided by the. private sector;, 

in others it is essential tha* some arm > of ' ' , 

the Government play this role- The drafter 

report identifies some of tljese areas whe.re ' ^ . 

tfhfe Government catalyst role seems approprl- . * . < 

ate and the reviewer' cojIcurreQ with that ^ " . * 

general thrust a« it cooes through in the ^ ^ • ^ 

draft. , . ^ , i 
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Substance of Cofeiment^ 

G, A la^ge common carrier ^stated 

preferred to free common carriers TsupposedTy 
from regulation^ development with private 
funds, rather than cocjmitting public funds to 
technological developraeht. 



H, A representative from a large common 
carrier firm states t.hat Department of 
Commerce action could lead to restricted 
application of new technologies and remove 
the -incentives for private R&D in telecom- 
munications. ' 



^ r Response to Comment 

^ ^ r~ * 

As ,tbe final report clatifies, the, Task 
Force never contemplated the commitment 
of public monies to technological develop- 
ment or implementation; this is admittedly 
better 'carried out by private industry 
wherever such wiJLl be done. At trie same* 
time, h^ever, a role is seen for Governinent 
fefforts- to Identify the -criti6al is.sues. 



define user nered^v (e 
sector) and o^her.re 
to re*duce the uncerta^ 
encourage' private orgj 
application and oper 
technologies • 




ly in the public . 
actions^ that serve 
isk/ and therefore 
ons to undertake 
worthwhile 



I, Although an electronic industry trade 
group wanted several months to completely 
analyze the draft report, its initil^l com- 
ment from members states that jtechnology was 
moving fast enough into the marketplace and 
did not need to be accelerated^ In elabo- 
ration, some member firps contend that tech- 
nology cannot be pushed into 'the marketplace; 
the marketplace is the pertinent factor in * 
determining the use -ot technology. ' Otjiers 
state .that Government involvement in pushing 
technology will only serve to complicate the 
free market concept The commented stated 
that there is some gr^y area where Government 
should He^rjvolved- but its boundaries are 
not clear, f ' ^ 



Neither the Task Forc\nor/the Di^partment of 
Commerce propose restritrtlng application of 
new technologies. In fact, fulfilling the 
perceived needs to reduce uncertainties 
about potential applications and market 
would increase ^npentives for investment in 
further development and apjJlica'tions . Any 
restrictions on applications \jf thes^e tech- 
nplogies would conceivably come from the 
legislative or regulatory process, both of 
which are outside the control of the 
.Department of Comm<Brce. 

These trade .association's yiews are 
consistent with the comments received* from 
individual fipis. Responses to the indi-_ 
vidual dommerjts describe the ways the final 
report coversr the, points. 



J, , A lai'ge common carrier questions the 
assumption that technology can be di'iven 
to the marketplace irrespective Of the 
needs and demands of the user of the 
communications. • 



Certainly the reviewer is^ ri^ht in that Uiere 
is a high probability that; product services 
will be unused i^ no market exists. - At the , . 
same time, certain c^vance woyk is necessary 
to properly structure and present to potential 
useVs the full dimension, of whaJt ser\^cesc^ ' 
are available to them.. In s6me caseaB^hat * 
'market demand ^must be cultivated and'a|pte- 
g^ted to the point where it is economic 
to supply it^ ' This is par^cularly true — -"^ 
in the case o^ public organizations and users* 
where limited understanding and sophistication 
exists for complex telecommunications. As the 
fihal report expl^iins further, there]! may be a >^ir 
- need and value ^for governmenial assistance^^^ 
•50 potential users for certain new tecrinol-y 
ogies at Jthe Federal / State and locaj levei:. 
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Substaribe. of Coinment 

K, A large manufacturer and common carrier 
sta^d the draft report did not distinguish 

•t)etween the pull of demand in contrast with 
the pu^li'^^if (Government • He felt Go^ernmjsnt 
as a user of technology would be more effec- 
tii^ than through demonstration or develop- 
ment contrllcts. He also. took issue with 

*tteble 3. 2. in the column headed , "Lack of j 
Industry Concern for'Oevelopment of Tele- 
communications Issues," in that it was not 
supportjed by discussion. 

Li Comments by:a large cpitimon carrier- 
stated Government involvement to force the 
premature* implementation of^new technolb- 
gies could only result in higher costs and. 
degraded service. 

M< A specialized common .carrier providing 
data transmission networks was concerned • 
that the .draft jeport did not 'focus on the 
inability of the Government to"*assiSt the 
specialized common carriers by pifbviding 
Governrtient business to use th^ir Wideband 
capability {S\ 6 'kb/s) , » 



Nf A small 'trade association of 
manufacturers was doubtful about the draft 
report recommendations for wide^precid 
governmental action that might usurp the 
actfivities of profit-seeking firms •» The 
reviewer felt that th^re was a role for tfie 
U.^S. Government and stressed the financing 
and trade ar6a. / ^ 



Response to Comment 

These comments identify key concerns whick 

are considered in ,the final report. The 

.technology push concern is discussed in 
comment "J" above. 



The draft report was not intended to'force 
premature implementation, £>ut only where 
demand exists. If demand is not there, then 
there would be no investors to rush. forward 
to serve a nonexistent need, ' , ^ 

Althc^ugh this specific comment is primarily 
oj^e of specialized interest, it highlights " 
the issue of €he abilil:y of the Federal ^^ 
Government as a large user of communications 
services to utilize that role to facility 
or 'accelerate the applications of new 
communications services. The final report ^ 
includes discussion of this issue, 

Th^se comments are reflected in the . 
discussion and recommendations of the final 
report. Theresas no intent or. desire to 
usurp the activiti^^ of profit-seeking firms, 
Fur^iner elaboration is provided by <5omment 
responses "B" aiA "C" above. 



Oi A large equif>ment manufacturer commented 
that the objectives of the draft report were 
commendable'. While the concept of demon- ' 
stration projects wAs generally okay, the 
specif iQ proposals seemed to be far too 
smali to be effeptive. A more direct 
Government ^ole was recommended in the form 
of actual subsidy of fx^ll scale systems 
through tax breaks, loans, or R&D grants, 

^ Once economic Viability Ts demonstrated, 
the subsidy could be reduced. However / 
operation'^by civil servants was not neces- 

^ sarily contemplated. Governihent specif i- s 
cations <nd financing with competitive 
contract execution by industry was suggested. 
Thfe premise for the recommendations was that' 
the user-shared portion of all, telecommuni- * . 
cation systems' was a va^id role for direct 

^-Government subsidy and 'regulation, as in 'the. 
case of telephone systems and interstate 
highways, etc. Extending the concept to 

' 'broadband, wired cities was ndl;: cctnsidered 
apy different. • • ' , 



The final report discusses the Federal role 
in advancing telecommunication technology 
applications. While such direcb Government 
subsidy is identified as one alternative, it 
is not one that is pursued or recommended 
since it is ^not compatible with present 
financial o^ political realities. Moreover, 
the Federal role ijAated to any type of 
technology demonstration would be that .of 
catalyst-coordinator or broker rather than 
as domplete financier*. ^ 
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Substance of Comment 

p, A revjiewe-y froiti a Consulting/broker * 
organization serving the cable industry 
suggests that the objective of helping the 
business f:oSununity and private individuals ' 
to benefit from improved commahication ser- 
vices could be best achieved through an 
imjne<Uate and practical task. This task, of 
an immediate time frame (say, three years) , 
would be to reduce "^Government^scommunicat ion 
.costs ^ reduce delay in message delivery, 
improve access to information at poi^t of . 
use,* and increase Governrfien^^ communication- 
efficiency by a significant factor. Ancil- 
lary taxpayer savings would come' from more 
efficient and'^lowfer cost public services and 
would be of at least an order of magnitude 
greater than the communication cost saving 
itself. The autjior does not say e;tactly how 
^he Goveriynent wuld a:chieve lower coramuni-* 
cation costs and o'tl^er benefits* 

Q, A representative of DOD comments the 
draft report is interes^ting and highli^ts 
an area of significant importance ,to the 
national economy. , He concurs in the concept 
of Government support of the transfer of' 
, telecommunication tec|inology in the j)rivate' 
sector. However, he points out that the 
Government should carefully select those 
technologies that are to be exploited since 
premature atrtempts at exploitation could 
result in wasted Government resources and 
false starts'by private industry,* Htf^eug-* 
gests helping the Department of Commerce by 
marking available unclassified technical 
^ information resulting, from DOD-funded 
* research* ' \ 

R, A large law firm specializing in 
'representing cohmunit!§tion industry clients 
commented that frdm their experience, the 
report is well done i and 'all.«too accurate. ^ 
The reviewer further* agrees that the Govern- 
ment has an essential role to play 'in elimi- 
nat ing the barriers telecommunication 
grovJth, and that without such governmental * 
assistance, these barriers will have the ' 
adverse consequences that are cited 
throughout the report.. 

S, It ,was stated by -a Government 
representative that OT should not involve 
itself in advocacy for speo.ial interests, 
but rather should concentrate on eliciting 
technical facts and data within its compe- 
tence* However, he recoghized that>tl)ere 
are governmental functions which the private 
sector cannot afford to carry out. It was 
said that due process was needed to resolve 
interactions between technical, social, 
economic, and regulatory factors and that 
good, relevant technical inputs might shorten 
*the process. It was further sta'ted that many 
Federal agencies submit inputs to the FCC - 
apparent^ without clearance by OTP (e.g., 
-iDOD on rate cases, Justioe. on very high 
'frequency television drop*-ins and cable) 



^ Response to Comment . ^ 

Utilization of the (^ove^nment communication 
system itself as a lever to stimulate appli- 
cations of new telecommunication technology, 
and benefits is a valid one and is pursued 
in the final report. 'Unfortunately, . the 
problem of how to carry out such achieve- 
ment remains the critical element. Jurisdic- 
tional differences and varying objectives 
within the varipus governmental user 
organizations provide practical problems. 



n. 



\ 



* % 



These commits ape supp6rtiM;^o€ analysis 
and recoimej:idations_of^bothf€jie^ and 




technology transfer in telecommunications is 
particularly noteworthy. 



These supportive comment^ have been considered 
in the preparatioa of the final report. ♦ 



It was never considered that OT would .be an 
'Sdvocate for any particular special interest. 
The final report states the objective is to ^ 
offer formal comment oivFCC dockets only 
where objective presentation of relevant 
technical issues is perceived to be useful.- 
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substance of Conunent ' 

T, The reviewer from a large, con suit in 
firm questioned whether it is a desiilable 
role for OT^ to try to serve as a voi^ for 
industry. It seems more appropriate for 
or comments to regulatory agencies to be 
based on objective technical analysis* 

U, A large common carrier questions the 
need -for Government to establish communi- 
cation standards and states that standards 
can better bq,^ set by industry without 
Government involvement. 



V, A large common carrier questioned why 
the Department of Commerce would undertake 
performance evaluations^ of competitive data 
services for users of services provided by 
commoft carriers, since this is the responr 
sibility of State and Federal regulatory 
commissions. 



W, A. reviewer from a large common carrier 
sees no difficulty in the transfer of tech- 
nology from Government to private industry.. 
It sees the need for no new prpgrcuns in the 
Department qf commerce in this area. 



Response to Comment 

The. latter point was the intent of the draft 
^eport and the final report stresses this 
more strongly. There is no chance that OT - 
can serve as a voice for the land mobile 
industry, for example. . ' 



The draft teport meant to show the need fpr 
th»e preparation of measures of performance 
in certain areas, not necessarily^ standards . 
fot communication transmission. Such 
measures of performance are more' tied to user- 
needs and should serve to assist in market 
aggregation, facilitate potential user* selecr 
tion of communication services, and in-other - 
ways help to create a timely market for the 
benefit of industry. The final report 
clarifies this area. 

The draft report did not mean to suggest the 
evaluation of common carrier services since 
there is no intent to interfere with such 
responsibilities of State and Federal regu- 
latory .commissions. However, there is a need 
for establishing performance specfif ications 
for new technologies applicable to the 
delivery of .public services as a way of 
assisting public agencies to evaluate the J 
applicability of .such technology or services 
to their ^responsibilities. 

noj^the dissemination 



Dvernn^ent to industry, 
thereof There is con- 



The cri^tical fact 
of technology frojj; 
but the applicat 
siderable evidencd that this aspect could be 
considerably more successful. We recognize 
the preference for private organizations to 
apply proprietary-based technology because 
of its exclusive features. Moreover, the 
probleip of application of Government-developed 
technblogy may i be much more severe for me'dium- 
and smaller-sized organizations than it is 
for the large one making' the comment'. 



Section 3 — International Trade 



A, An equipment maniff acturer was * 
disappointed* that trade matters mentioned 
during the Task Force interviews were not ^ 
treated in the dr^ft report, since these 
are of primary importance^ ♦ r 



B, A mainufaoturer of telephone equipment 
for the' indepeftxientjnarket was disappointed 
that the telecommunica^ilm~-^^aeaxifi_jJDba lance 
was not mentioned in the dr&f t repor 
although iadmit:tedly there was considerable 
mention of trade Imbalance in the electrorv 
consumer area. The discussion of the four 
technical areas (broadband; satellite-, etc) 
was said to be covered in excellent detail* 



The final report does not deal with thd 
international trade 'subject, although the 
comments of the industrial representjatives 
are summarized and presented, ^he inter- < 
national trade ar^ea is being pursueQ by • 

anotsher agency of the Department of COTunerce, 

I' 

The final report^does not; cover ^the * 
interna^tionai trade issue (for the stajted 
reasons) but dies include a summary of the , 
comments and reo<^ranendations on this' subject 
"receis^ecl during th^ i*nj3ustrial interviews. 



■7 



Substance of Comment 
\ 

C, The reyiewer commelited on the ^port 
expansiori area and problems posed by export 
controls^, "Clar.if ication and coordination 

rules »unGer which export business is 
cpttducted is stated to be an important need. 

D, An operator of netwofrk information 
services cwwnented that the draft report 
recommendations contained little* which 
benefited' network information services such 

'himself interested in international 
expansion. He recommended that the final 
report request the Department of State to 
work toward improving the regulatory climate 
with European PTT's so that network infor- 
mation services might find this less of a 
barrier. 

E, The Chief Engineer of a medium-sized 
electronic equipment manufacturer: reviewed 
the draft report and stated it was aood. to 
see official Federal Government concern 
expressed on this subject. He provided data 
to indicate the U. S. civilian telecommuni- 
cation industry and DOD spend large amounts 
'on R&D for communications. H6 pointed out 
both DOD and the Department of Commerce have 
similar interests in telecommunications in 
that both, wish to" increase foreign sales. 
DOD has the special interest in increasing ' 
compatibility of telecommunication^ equipment 
among the Allia^. Both agencies would 
desire similar national telecommunication 
policy in privacy, interconnect, domestic 
"satellite/ and other matters'. 



' Response to Comment 

The final report does not include progi?ams 
in international trade and its barrierp. 



The ,f inal report does not address the issue 
of international^trade and therefdr^ is not 
in a position to implement this 
recbitunendation. 



These points are correct but have their 
effect primarily \n the international trade 
issue, which the final report does not 
address in any major way'. 



Section . 4 



Regulatory Action 



A, Tha p3pesident of a medium- sized 
mahufacturer of J^and mobile ecjuipment? 
stated the draft report was a comprehensive 
compilation of" key factors that influence 
the application of technology to the tele- 
communication needs of the nation and can 
be Safely used as guidance for most of th^ 
indicated program proposals* He agreed 
•that ethe two main barrier's were demonstra- * 
ti^n o^. technology applications and 
inhibitions posed by 'Government regulation^ 
and overwhelmingly indicated the most 
fruitful area for corrective action was in 
the area of Government regulation. Three 
varieties of Government regulation were * 
specifically reinforced by his comments: 
(1) i-egulation by taxation- and its curtail- 
ment of capital formation,, (2 )* recfuTation 
of supporting fbhctions through' excessive 
Government- reports requirements, and 
(3) -regp^tion of direct program activity 
in telecommunications administered by the 
FCC» -The statement did clearly acknowledge ' 
that <3overnjnent regulatfionv^was justified 
where the forces of the freV market are 
.either not Appropriate or inadequate t6 
fuTlir~protectlj;he^ public interest. 



The final report includes identification ^of 
^regulation as. an inhibiting force, although 
there is, little discussion of regulation of 
the first and second categories identified 
in this comment. 




Substanoe of Coroment 

B, While a reviewer ftom an equipment 
manufacturer had* no problem with OT part'ici' 
pation in rule-making proposals -^by the sub- 
mission of appropriate comments^ to FCC, he 
believes that its role should assi^me no 
greater importance than" that of any other 
party. )Je ^see^s no utility in OT holding 
itself out ^ a repository * of the objective 

^bverview. Triis is worse if OT participated 
in proceedings involving an application for 
license, which are usually adjudicatory in 
nature. 

C, A large common carrier questions the 
value of OT being involved in Federal 
regulatory proceedings ssince this activity 
would most likely be counterproductive and 
cause added regulatory delays. 



Response to Comment / ' 

Thi^^omment is well taken^ The '<iraft report 
' was onlx assuming that OT*s comments in the 
* regulatory process would be considered along. 

with those of other parties. . , 



0, A large common carrier stjated that 
Government a^|^^oni>«had inh^it^d technologi- 
cal iRnov4tion' and^.ap)?li edition in a number 
of instanc'ips and cSted 'Some s tic satellites 
and mobile radio as examples, pres\imeibry 
with respect to slow regulatory decisions. 



V 



.0 - 



It is ofily conjecture that any assistance in' 
this area vfo^d be likely to cause cidded 
regulatory dele^. In most cases; assistance 
would take the fopn of comments in FCO dockets 
that aro open for just that purpose from alio 
interested parties. This is not considered 
counterproductive since regulatory comments 
would only be offered where there was a tech- 
nological basis and need. Such has been the 
case of*the limited effort thus- far * 

'assistance has been welcome by the r^M^atory 

' agencies. 

Whil^ there may be ex^ples where Government 
a<;tio,n has been inhibiting, there are alsp 
several examples vh^rtf development (e.g., , 
com^^iunication satellites) has been greatly 
stiinxilated .by U. S,. R&D and applicatiion 
experiments;^ (such as ;yrS ^nd CTS) . i-Thile it 
is undoubtedly true thajb regulatory actions 
contributed ^o^the greeft delay in domestic, 
satellite Ug^mobile radio applications, 
^ese a^fe^'ltvents in the" past and represent 
a simll^9 concern to, the Task Force. -The 
final jreport is Jbas^d upon the premise ,that 
certain .Government actions can be useful on 
balance^.. ^ ' ' , , . , 



in that process. The 
statute to* the FCC 



E, ^A lairge *^d6mmon'^ca%5:ier ^^is^cb^cerned'that The^ DeKiaif€henjtr of Comme;:ce does not intend to 
the Department of Congpe'tce would injept, . ijfterf^e wi^ that4FCC process, except to ^ 
itself into civil |ipct6» spectruirf marfagement the poij^t of^fferiftg engineering-based corn- 
activities ^nd J:h"eratfbr< add. to J^ie dela^i^^ ments where considered^ appropriate during the 
^-1--^ L «t-^_-_:.-j,g reserved 1^ f sol»ipi'tatd^*Q|B**^'uch comments. Since.-this 

^Action wojifld onlj^ he t^keri wher^ expertise 
•'can, be con^MereQ Useful, thiS action is * 
^ex^ectecf to %l^ify\ issuer 
' ^ela%rs.'' 

* The sugg^estions have»been taken into accoui^t 
in the finaj. report preparation. However', 
litftle d^fscu^sion/pf specific regulat^ory 
program .^needs' is ii^cluded in the .final report. 



i%l^ify^^ issues rather than extend 



' F, A larg^ equipment manuf acturej^ 
reinforced the draft report *s statement 
that excessive p^olongatiion of regulatory 
action can have severe negative economic 
impact on the industry segments concerned. 
It was suggested that tl\e Department of 
Commerce could profitably implement its 
charter through objective historical 

Nanalysis of the actual dmpact of major regu- 
latory decisions; for example, FCC docket- -'v^ 
18509, wjjere common carrier^ were denied 
participation in the development o^ 'broad- 
band distribution networlcs. Presenting such 
analysis ^to-^ppxcpr-late- regulatory agencies 
and making other filings would thus encourag^ 
and facilitate agency consideration of th.e*^ 
possible long-term impacts of i*ts decisi^ifs 
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'section 5 — Direct Satpyiite ^Communi cations i 

X * 

o Substance of Comment 

A, The director of a nonprofit public 
service organization concerned with satel- 
lite communications sta1:'ed the concerns ancf 
•objectiveSvOf the draf.t report-in the satel- 
lite communication area w^re compl^tcJjy 
ciompatible with- his belief s« He..saw impo;:- 
tant needs and^ opportui)itie§ in utilizing 
present and* next generation satellite cpm- 
munication systems 'in the provision of 
public servic^ was felt thaUthe* 
Federal Government had an important rdle to 
play ill promoting and/or supporting both 
jdemonstrations and operations in this area, 

r 

B, * Although he thought the dr^ft r.eport was 
good in- the areas it discussed, a small ^ 
satellite equipment manufactCtrer did not 
feel the need ^r heavy Federal technical 
involvement* This firm rather identified 
problems needing resolution in FCC regula- 
tion, export licensing clarification, and 
Export- Import Bank loan assistance. 

C, A la«^e space systems firm stated that 
the data gathered from industry was con- 
sistent with its opinion and felt it 
accurately reflected the situation as it 
saw it today. It gave particulajr attention* 
to the section dealing with communication 
satellites since it was active in developing 
such har^iware* 

D, A reviewer from a large multinational 
manufacturer claims the need for demonstra- 
tions in t\ie area <^f small earth, stations 
for -eatellite communications as prpposed* 
in the draft report is not really necessary 
since sufficient work has already been done 
in. this area by. S. firms. He also 
states technica^l information has been 
readily available through the NASA "xech^iol- 
ogy Utilization program and other sources. 
He further states sales by U. S. industry 
in foreign markets for satellite eaith 
stations dej^nd primarily on -competitive 
financing and other export assistance. 



Response to Comment . ' 

These observations and objectjLves about^ 
public service needs are Sully consistent 
with the discussion in the final report* 



The final report does not recotoneild heavy 
Federal involvement (such as funding r&d or 
establishing a Federal communication system) 
but recomznends a Federal role as catalyst, 
coordinator, and analyst. The report i4enti- 
fieTS limited needs regulation assistance 
but does not address the issue of exports - 
at all, . ! . 

This coipntent is accepted ^s supportive of 
the "Satellite season of^ the draft and final 
reports. 



It is correct that t-echnolo^ for the next 
generation satellite area does*exist and has^ 
been» demonstrated in^ component form for 
limited uses.* The final report acknowledges, 
that a demonstria'tion of technology does not 
appear necessaty, although demonstrations of 
large spale networks and related user problems 
may be useful in reducing the aggregation and 
investor/user uncertainty about viable appli«^ 
cations. The related comment about selling 
in international markets depending primarily 
on financing is/probably true^ but.^outside ^ 
tli^ scope of the final report. ^ 




E, A small satellite eqiiipment 
manufacturer? said that U. S. technology is 
well in hand and demonstra^^ions 'are not 
needed for the. satellite earth s'tatioa area. 



A senior official of^the U. S. liostal 
Service (USPS) cgmment96 that in the satel- 
lite communication area the studies USPS 
had commi^ssroned did not reflect the same 
.decree of concern as the draft report on 
the state of technology,. or €he ability bf 
the y. ^. industry to compete in the small 
earth station^ jnarket. 'in other words, USPS 
bad a more ^favorable interpretation of 
available satellite technology. 



The final report states that the technology* 
for next*^eneration> satellite applications 
does exist at present;, but the ^sroblem is to 
assist and facilitatfe applications through 
market identification, aggregation, etc. 

The finaf report acknowledges that th^ 
necessary technology for the next generation 
satellite syst^s d^es exist at present, but 
has not yet heefn tested in complete form. As 
a result y ^the final report does not repommend 
a demonstration of technology per se . However 
concerns are expressed about tne need for a 
demonstration of procedures and user benefits. 
T?he comment about the ability of the U. S. 
industry to'compete inf this' market is fiot of . 
direct concern given the lack of attention t 
international tijade in the f4.nal Report. 



. Substance of Comment 



Response to Comment 



multinational carrier The relative cost of eleittronic, mail by 

satellite remains an is^ue. Initial 
inquiries with the iJ.S., Postal Service 
obtained the response that they have the 
ability to buy wherever they wish. ^ 



G, A reviewer, from a 

and manufacturer took issue with the draft 
report claim that the cost of mail delivery 
could be 3'Q percent lower in the discussion 
under electronic mail in th^ satellite , 
section; this is said to be an unsupported 
claim. Ke also que'stioned the report's 
statement that' the 0. S. Postal Service 
might purchase small ^arth stations from 
foreign suppliers. He says U.S. Postal 
Service i§ precluded 'from buying 'from 
foreign suppliers if less than J51 percent of 
the it^ is manufactured in the United 
Sta'1:es. 

H, A senior technical staff member in a 
large record common carrier encouraged . 
development of the 12/14 GHz band in the 
satellite communication area since he . 
believes this frequency band will be needed 
to satisfy^ many .future communication nqeds. 

'l , . A vice president of COMSAT provided 
corrected qr/more recent informatibn for 
several tecmiic^l statements about satellite 
^oimnunications, including the number o^ 
active INTELSAT stations, estimated cost 
of future SBS earthr stations, feasible data 
rates, eto.' " * - 

J, A vice president of COMSAT questioned 
the statement^of the draft report that U. S. 
development of small earth stations in the 
4/6 GHz ^band is not taking place. He* 
p6inted out thcit 'Ame^rican firms were manu- 
facturing ISO stations (5 meter)^f'6f , 
Alaska use, about a dozen stations (10 
meter,) for Algeria (by GIE) and 40 stations 
(8 meter) for I^dia, all for the -4/6 GHz* 
band . " • c 



This recommendation is completely compatible 
with the satellite communica"tion area as 
discussed in the d^raft and final reports. 



This imprbved technic5fel information is u§ed 
in the final rei>ort. 



This information is correct and is reflected 
in the finaY report.' However, the concern was 
meant to apply primarily to the 12/14 GHz band, 
which is thte band expected to see the eventual 
development of large numbers of small, low 
cQ5t eartly stations. In thib area, develop-* 
ment by uJ S. .firms is more limited and b^ 
Japanese firms more active • 



K, ^ vice president o^ COMSAT commented 
that since the size of the antenna of an 

- earth station should be Selected in' (irder 
to minimize the overall costs (earth 
station 'plus^ satellite), it will not 
always be best to mak^ the "smallest" ^ earth 
station possible. ^ If all the^ capacity 
possible' is needed, it would be>poor^^/ 
economics "to use a sinall anteni^. For 
example, in one recent large sajtellite^ they 
found reducing the antenna front 47 feet to 

-42 feet would cut the cost 'about ^» 5 percent, 
but would cut capacity by about 20^percfer^t. 
Of course, in Other systems, small antennas 
may indeed be most economical* He stated 
that, the use of large antennas is not * 
e3«:lusively dup to their low technical risk 
as the ^raf t report asserts. 



"The trade-offs described are correct and 
relevant, as^the discussion of the final 
report /recognizes. . 



» ^ 
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Substance of Conanent 

A, Al|:hough recognizing the advantage of 
the dr^ft report to open a dialogue between 
Government and industry to work coopera- 
tiyely, a vice president of a large manu- 
facturer of communication equipment took 
strong issue with several statements in the 
land mobile area. He does not acknowledge 
the existence-of the particular problems 
the report identified in the land .mobile ' 
sector. He ^s not aware of any loss of 
technological leadership to other countries 
and states the U. s. land mobile technology 
has out stepped the available spectrum. 

^ A vice president of a lar^gd equipment 
manufacturer. toC)k issue with the draft 
report's statement that the land mobi^le 
radio industry was exceptionally, fragmented 
and believes this to be a misunderstanding. * 
On the contrary, except for Class D Citi- 
zen's Band, the industry is characterized 
by relatively few major competitors, who . 
through the Electronic Industries Association 
have developed comprehensive industry tech- 
nical standards and have worked closely with* 
the F.CC in resolving , industry technical 
'.problems. It is further characterized by^ 
well organised and highly competent user 
'organizations and ary overall industry/user 
group org.anization.^ 

C, ^l^ice^presi,dent Hi a large equipment 
manufacturer takes issue with the draft 
report's statement about spectrum shortage. 
He states that right now there are only two 
cities In which businesses have tro^ubXe 
obtaining a&equate spectrum. He emphasizes 
this rela4:es t^ the present and fuJtther 
states the FCfC ^s working out"^ectrum 
additions for the needs of th^orld of 
tomorrow. He^'believes alX organizations, 
•not just Bell Labs, are working now to make 
the best techhica"! and business structure 
arrangements for making efficient and low 
cost use of the new spectrum (900 MHz band) . 
In siimmar;^ the reviewer felt the resolution 
of the issues was not impeded for lack*of a 
Governmfent regulatory framework or f^or lack 
o^» adequate inputs, both economic and'tech- 
^nological. The remaining issues in land ^ 
mobile for the new frequency bands are being 
resolved in dpe course by the participation 
of all concerned pariiies in the normal 
regulatory process. 



Response to Comment 

'fhe final report clarifies and justifies this 
area. It discusses in greater detail the 
problems and issues identified^ although 
these problems and issues are somewhat 
dif fei;^nt than» those in the- draft report. 



The final report recognizes this structure of 
manufacturers and user orga^nizations. 



The final report reflects this additional 
information ^nd viewpoint. 



D, The president of a manufacturer of land 
mobile radio equipment took exception t;b 
the description of the industry as excep- 
tionally fragmented and thfe subsequent ^ 
statement thht no industrii^l R&D is being 
undertaken in the competitive development 
of new 900 MHjs fe^nd. He claims that the 
industry was* dominated by the three largest 
firms and this could hardly be described as 
a fragmented industry, it was further 
claimed that considerable industrial R&D in 
the 900 MHz area was being undertaken while 
awaiting final resolutfbx) of tlie FCC* docket 
in thi^ area. "^-^ 



The final report more specifically describes 
the structure of J:he land .mobile industry and 
acknowledges- industry R&D in the new 900 MHz 
frequency band. * . ^ 
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Substance of Coiwnent 



Response 'to Comment 



E, Although the mpbile radio user 
community is highly fragmented, a reviewer 
observed from his consulting contracts with 
user groups an^ radio commpiii carriers that 
"thera is strong incenti^fe^^to conserve 
spectrip. The problem lies with the manu- 
facturing sector and the industry standard 
developed* To achieve any ^kindy of meaning- 
ful results, a land m^ile program would 
require industry participation and commit- 
2nt/ not just dissemination gf information. 

A vice president of a large equipment 
nanufacturer takes issue with the draft 
l^rdport*s statement that the land mobile 
^ radio industry has no incentive for con- 
serving spectrum nor that it has not taken 
means to do so in the past. He claims that 
the land Inobile industry has utilized^ spec^ 
trum more intensively ai;id more effectively^ 
than- m probably any other portion j^f the 
radio spectrum. Equipment^ develofJers -have 
produced highly sophisticated equipment 
utilizing channel splitting procedures thft 
pperate wi-th a high density of interfering, 
signals.- He also takes issue with reference 
to needed investigation in the areas of 
ambient noise^ interference effects, and 
coverage prediction methods, since the 
industry has published a large volume of 
excellent technical material on these 
. subjects. He-claimed the industry has 
already funde?i- significant investment in the 
development of advanced, computer controlled 
spectrally efficient systems in addition to 
the development of har^iware for the 900 MHz 
band. The comments include an offer to "\ 
review the work done by that spe?if ic^ com- » 
pany for the benefit of the Task- Force staff 

G, A vice president of a large equipment 
jianuf acturer takes issue with the draft 

report description that thd land mobile 
industry and users have virtually no means 
or incentive for conserving spectrum space . 
or for* undertaking Agineering development 
of high performance/low cost mobile 
receivers. Several examples are given that 
Show land mobile users have greatly ^increased 
^'activities withihv a very confined spectrum 
sector and that manufacturers have develope.d 
new nfethods for increased utilization of the 
Spectrum. 

H, A vice president of *ci lalrge equipment 
^ manufacturei expresses strong ^isagrjeefnent. 

•with the program proposed deal with land 
mobile barriers. The ;:^ommendation that 
OT should become the focal point for R&D 
to provide the ^clinical basis for the de- 
sign of.compierte systems i^ nbt needed 
since industry R&D -is substantial in this 
field. Moreover, he states past history 
Remonstrates that U. S. R&D in commercial 
areas has been the responsibi;Lity of com- 
petitive, enter pril^e ai;^ has ^worked, exceed- 
singly we'll. If OT took over this# funct.ion 
and wer^ to make its results public, there 
would be no incentive for domestic manu~ 
' facturets to develop systems'. The potential 



The final report recognizes past effort^ and 
present incentives to conserve spectrum, while 
s^^ill identifying remaining problems in this 
area. Tl^e final report also acknowledges the 
necessity of iiWjistry parti^cipation ^and 
commitment: to .any land mobile program action. 



The final rep6rt recognizes these industry 
accomplishments although concerns are still 
expressed about future developments and 
incentives, 'which ma^ be diffejrent thai\ pasj^ 
ai? c omp 1 i s hme n t s . 



-1 



The track , record ofr the *fisers and manufacturers 
in the land mobile industry is impressive and 
the final report reflects this. However, 
concerns still exist about the future. 



The draft repor*t did not intend to suggest the 
Government take over R&D in ttie land mobile 
area and- this is clarified in the final report. 
Additional research in areas that can improve 
the ability to predict impacts and spectrum 
utilization was recommended, not research in 
hardware design or production. The intent vfks 
to assist industry R&p. and not to replace it. 
The draft report should^ not .have said perf or-, 
mance standard, but shouljd 'ha^e ^aid a measure 
of perfoi^mance is needed that 'allows a cons\imeir 
or regulator to judge alternatives. 
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Substance of Comment 

negative impact would be escaJkted if it were 
accompanied by perfomace standards imposed 
by Government. 



Response to Comment 



I, A vice president'from'a large # 
manufacturer of land mobile equipment takes' 
/issue with the doubt expressed by the draft 
report that'^^industry can respond to the 
challenge of the 900 'MHz Allocation. Xhe 
interpretation is that without an R&D pro- 
gram under OT sponsorship% the innovative 
systems T>eeded at 900 MHz will not come 
into being^ He sVys the report assumption 
.that the cellular system is the end-all of 
900 MHz 'Utilization is not valid, spectrum 
can be used fQt'a variety of systems^., and a 
variety of manufacturers have made systems 
proposals for such use. He claims that all 
reliable market 'forecasts indicate that the 
bulk of the needs for communications will' 
come from the private dispatch sectoc;^ 
(These comments are from a major competitor 
of AT&T.) While admitting the A7&T ceUular 
Concept has prom4.se for providing high 
capacity mobile telephone serVice, it .is 
pointed out that it is only^one of many 
proposals that will have^ an'opportunity to 
be proven in the marketplace' in the coming 
years. For perspective/ it is pointed out 
that, between 1970 and 1979, AT&'T will have 
spent about $23 million on R&D ^or the 
cellular concept', while the land mobile 
industry will have spent in excess of $300 
million on R&D., 



The referenced material was an overstatement 
by the draft report and it is revised. 
Cellular is not the end-all, and this new ' 
band offers new Opportunities for many firms 
and systemg. The final report places all ^ 
these contributions in proper perspective • 
It agrees that many concepts will be able 
to compete in the marketplace,- but most will 
be relatively complex, *and thus-.it wiLl be 
even more >&iff icult for the user or regulator 
to evaluate their effectiveness. j, 



J 



J, The draft report sPStes the Japanese 
enjoy a substantial competitive edge in the 
900 MHz land mobile band. The largest 
non-Bell fnanufacturer in the land mobile * 
area takes issue >^ith thi^'claim. He points 
out Japanese success has been due tb low 
price, not superior technology. This is true 
,for both the paging a^ea and the recent large 
award to , OKI CompanyV^-' 



There remains some uncerte^inty about the size 
and source of the Japanese relative pofe^iion 
in th'is area. Doubts still exist aboujb the 
reasons for the OKI Company award. ; 



K, -The .vic-e president of a large equipment 
Tnanufacturer took, issue with the technical 
feasibility of/the 900 MHz landjnobile 
communication 'discussion. He stated exten- 
sive past. experimental projects have been 
done at Sell Labs' and in 'Japan. 

Li The vice president of a. "large equipment 
manufacturer takfe^ issue with the report 
statement that AT&T's plan for the Chicago - 

Prototype System f6r 900 MHz. is now being- technical fActo^s? 
challenged oh technical, grounds.- The ' * 

comments point out the petitfons were . ^ 
predicated mainly, on economic grounds. 



This is correct and the filial report 
accommodates 'this, comment. ' 



■ . ■. > ,. 

The final repoi;t clarifies this sAtemUt. 
Since spectrum capacity is or must eventually 
be iavolved, the issue is also dependeht on 
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Sub&tance of Comment . 



Response to Comment 



M, A reviewer from a- lar^e consulting firm The final report includes recommendations for 
recommended that a land mobile radio program long-range planning, which would embrace such 



should include a demand and user require- 
ments analysis to identify the needed pro- 
duct features and to provide justification 
or incentive far new product development by 
the manufacturing sector of the economy. 

An association of radioteleph^g system 
operators stated the draft report'lpchibited 
a good understanding of the problems and 
prospects of the telecommunication industry 
and demonstrated a commendable concern for 
the Overall public interest. The assoqia- 
tion hopes the final report wouW acknowl- 
edge the substantial and continuing contri- 
bution which the independent Radio Common 
Carriers (RCC) have made in* mobile communi- 
cations. They felt the report wourd be 
incomplete i£ merely dismissed th§ land 
mobile, radio industry as fragmented and 
failed to take into account the contribu- 
tion which individual RCC*s have mafle to 
the ir\djastry. — 



a demand and user requirements analysis* 



These suggestions were considered in the 
preparation of the final report. Radio 
Common Carriers represent a significant 
segmeat of the land mobile communication 
sector, but their importance and needs must 
be balanced with .other sectors of**the 
industry. 



Section 7 Broadband Coinmunications Net^ohks 



A, An association of cable eperators 
strongly supports-^he draft report's 
reasonings and recoltlmexxd^tions. concerning 
broadband communication.^ The reviewer 
believes the cable indu&try must 'expand 
nonentertainment functions for Xo^rces of 
^additional revenue if the industry is- to 
grow out of its' present traditional posture, 
of community antenna service. ^ The associa- 
tion feels lar^e common carriers* will 
contain the cable industry in its present 
poBture if at all possible. The industry 
c^oes not now have an effective development 

, program large enough* to be effective arid 
therefore the draft report recommendation 
• for a demonstration program is fully 
supported by this association. 

B, A partner in a small consulting firm 
serving the cable industry agrees, with the 
problems the draft report identifies as 

, responsible for the lack of. predicted 
growth in the broadband distribution .area 
up to ;this point of time.^ His comments 
affirm the observed delays in^ development 
of new arid necessary communication aids to 
serve Government, business, and individual 
nee4s^ ^ He foresees lower^ostTs for ser- 
vices arid greater ef f iciency*"(in time and 
accuracy)' can be provided by nonentertain- 
ment communication^ on a National scale. ^He 
agrees with £he proposed *constructive 
Government leadership ^n .helping to i|stab- 
lish basic hardware and technique^ neces- 
r -sar-y to-reaiize broadband communicatidn 
benefits. ^ '^-^ ' 



Although the final report is riot as strong 
as the material in the draft report which 
this association supported, it is assumed 
the association would* also support the 
modified discussion. ^ 



This comment is accepted as support^ for the 
relevant porti^on of the report: ; 
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C, T|ie director^ nf ,-^ research center on 
cable communicant ions Iread the draft report 
and agreed with the findings on broadband 
network services. 

C, An academic-based reviewer acc^pt;\the 
need and value of demonstration sites Tor 
broadband communication. However, he 
questions limiting a demonstration to 
Boulder, Colorado. He states an experiment 
in Boulder would not be considered as repre- 
sentative by many. He suggests the aiter- 
native of ihsj^alling several small-scale ' 
demonstration experiments in carefully 
selected cities throughout the cbUntry, One 
pos^ibilp;ty is to establish an experimental 
demonstration in a large office buiWing 
where* related 'businesses require consider- 
able communications ano information transfer* 

* E'* An^a'^sociation of cable operators fully 
supports >t he concept of demonstration ^br 
test bed for broadband distj/ibution. " How- 
ever, It 'states multiple and flexiirle test, 
beds are needed; and Bounder, Colorado may 
be too limited. iEmpfcasi-s should be on the 
human factors involved* in ifiarket testing 
as opposed to more technology development. 
Equipment evaluation, generation of equip- 

iinen^t compatability specifications, system 
evaluation, and related. factors are probably 
the best payoffs from a technical stand- 
point. • Another example is the trade-offs * 
in home -terminal Characteristics, examined 
in^an exp^rimel^tal testing .approach. 



. , Kesponse to comment 

These supportive comments are reflected in 
the final report. ^ * 



The final, report discusses in greater length 
the demonstration needs in broadband communi- * 
cations and these commejits about denonstration 
sites are reflected in that discussion. 



1^ 



The final report discusses the -value and needs 
of a demonstration^ The suggestions of this 
revievfer about specific" objectives and method! 
are more relevant later when and if a demon- 
stration is being designed. 



r 



F, An association of cable operators sees 
a growing^ need for advanced telecommuni- 
cation services for the administering of 
Government in metropolitan areas as Well.' 
They believe the Government as a Vser 
should help by aggregating some of its own 
needs, applying some advance systems to ' 
prove out productivity and efficiency 
improvements, lowering cost of service,^ and* 
making an- initial determination how best to 
use broaclband communication systems. One of 
the expec^ted impacts would be to stimulate 
industrial interests. They believe the 

"firtai ref>prt should emphasize^ this view. • 

G. A professor suggests broadband 
demonstrations should be selected^' with a 
view toward maximizing the "freeway effect'* 
in communicatioi>s, which he defines as the 
tendency*'! or a commiifVication channel to 
pick up users usually not considered in the 
initial ihstallation (an<^ Usually at a rate 
that soon overloads the channel). He 
believes this freeway effect would occur 
when broadband communications are estab- 
lished and it would not take long for the 
chanhel to be overloaded and, require 
additional capacity. 



These suggestions are realistic and correct. 
The final report is fully compatible with* 
these suggestions. 



This freeway effect is an interesting concept.\ 
and verifying its existence could' be an 
element of a broadband demonstration project. 
"^Che issues and actions discussed m th*e final 
report reflect conirideration of this concept. 



^ Substance of Comment 

H, An academic-based researcher made > 
specific comments about the broadband 

fdistribution area. He feels one big advan 
tage of the research demonstration efforts 
recommended in the draft report might be 
that the FCC would be discoyraged from 
taking regulatory actions .th^t raise addi- 
tional barriers, feels the actions at 
the FCC have had ^^extremely dramatic 
effect on ^he domestic economy and industry. 
Although not stated irapl^icitly, his bias 
appeared to be against FCC actions that 
inhibited growtiv of 'cable. He also poin'ts , 
Qut. that OT activities as recommended would 
raise 'interesting and^ difficult regulatory 
issues that could have 'large impacts on - 
common carrier rules and regulations. 
Broadband demonstration networks for local 
distribution communications will stir up the 
telephone companies; this could lead^ to some 
major changes in the present concept of 
common carrier regulation. 

I, A large law .firm specializing in 
communications 'issues (particularly repre- 
senting broadcast and cable clients) sup- 
ports 'the demcJnstrations and other programs 
recommended by the draft report in the area 
of broadband communications.' However, they 
are also frustrated on how' to* start the 
wheels of implementation into motion. The 
reviewer reinforces market uncertainty and 
the financial weakness of the incjustfy as 
impediments to growth of broadband communi- 
cation services of a nonentertainment hature; 
Hife clients sta^e the problems of lack of 
markets and financial inability to engage in 
extensive research have not been oyercome 
and 'thus things are not moving toward more 
prompV d^^evelopment of two-way systems and 
other broadband Services. ' 



Response to Contment 

this comment about raising impoftant 
'regulatory issues and reaction is^ fully 
correct. , These concerns are 'recognized even 
though no particular regulatory action program 
by OT is initiated ,03: discussed in the final^ 
report. It should be clear that such dWstic 
reform of common carrier* regulation is not an 
objective of this broadband communications 
section, even though there might be some 
future impacts in th6 regulatory area frqm 
progress in this industrial sector. 



The final report refle"cts recognition of 4:hese 
factors and observations. However, thesfe , 
impediments must be considered in conjunction 
with an appropriate role for the Federal 
Government when designing programs. 



J, The question is raj-sed by a large law 
firm as to the availability and source of 
funding for underwriting the broadband 
communication experiments or actual ^ii)^*tal- 
lation in a Government facility. It is 
pointed out if there was some funding 

available, it Would be much easier to 
interest a manufacturer in updertakiTig 
significant additional research and demon- 
stration projects. Moreover, the benefits 
of broadband communication cannot be 
developed and demon strat:ed to public poli- 
cymakers without such industry suppbrt. 



K, An academic-based researcher recognizes 
that cost-sharing ionong Government agencied 
and industries >would be necessary to carry 
out a desirable program in broadband com- 
mtanrications, ai^d he suggests a way that • 
might encourage a -high degree of cost 
sharing. He states that city aftd state/ 
,govWnments, institutions, and businesses 
exploring, .broadband communications servfc^s 
are*us.ual^y not able to i\aentify what these 
seryices will do to thdir copts and ' 



The draft report did not- intend for OT to 
. obtain or pass out funds for underwriting 
a broadband demonstration, although it is , 
recognized that go^cernmental assistance of 
some kind wil'l probably be needed. The 
immediate task is to identify those t)eeds and 
attempt pu£ together a joint industry- 
governmental demonstration activity. The 
final repoft identifies actions thdt gould be 
tak^n by industry and Governirtent to move in 
this direction. Some parts o,f those activities 
will require some cost sharing ttom govern- 
mental agencies atte the specif ic ^source and 
amounts of such funding must :be the subject 
fot future consideration. 

The recpgnition of the necessity of qosI 
sh,aring is correct and is reflected in the 
final report. ' 
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Substance of Comment 

operations. In the main, they cannot 
perform necessary analysis to identify bene-* 
fits resulting from increased operating 
efficiencies and cost reduction on their 
operations (and therefore have difficulty 

?btaining funds to carry out the initial 
nquiry) . The reviewer suggests OT could 
perform such operational analyses in care- 
fullysele^ted locatiorfs prior to embarking 
• on a demonstration. Successful copclusiori 
of such a study -would encourage the agency 
as well as a terminal manufacturer or other 
beneficiaries of the adaption of broadband" 
servicBs to become qost;- sharers. He believes 
a mpre-or-less standajr^cj procedure could be 
developed' for analyzing operations to deter- 
mine the impact of impVovedt communications ^ 
in a way that attracts the attention of the 
purse- stcing holders]/ 

L, A 'reviewer from a non-Bell common" 
carrier states thece is absolutely* no reason 
to tie broadband distribution to the exist- 
ing CATV industry no;r even to the cpaxJ.al^ 
cable which is currently used as a,®^dfum^. 
He states the existi?ig common carrier netp 
work could form a distribution structure 4* 
for tomorrow* s broadband distribution 
system^. He specif icaUy 'objects to the 
language in the report that tijes all future 
activity in broadband distribution to other 
entities without ifiention of the ^ommon ' 
'carrier industry.. ^ - • \ • 



^ Response to Comment ' 



There was no intent to exclude the con^on 
carrier network from thik^ area,. But at the 
same time, we did ndt,-m$an to limit broad^ 
band distribution to using the oommon Carrier 
system. M<9reover, broadband distribution of 
TV b/^.commqn carriers 'is not imminent because 
(a) cable ,TV is regulated as a^ic411ary to 
broadcasting, and (fc) such action would raise 
concerns of excfessive concentration of 
.economy power in the common carriers. 



V 



M, A large common carrier questions * * 
development of twq-way interactive system 
services for broadband communicatioa ser- 
vicers completely independent of the i ' 
community of commiinication^ common 9arriers. 

^^ An 'association of independent/ small ' 
common carriers raises a questiort concern- 
ing the draft Report description ^f broad- 
band .distribution networks. The main 
criticism of the drafct report discussion . 
is' that it -fails to include the" common * ' 
carrier when it ider^tifies industries to 
participate in future broadband distribu-^ 
tion systems. It is pointed out that 
broadband distribution systems have been *" 
utilized by the telephone common carriers' 
for *many years in pi;oviding all *types of' 
communication services. ' It is stated that 
the text following tihe heading, "Broadband 
Distributior^ System^'** focuses on cable 
television only. ! » 

1 * 

Oi An individual fijom a large manufacturer 
of communication equipment was concerned 
with the draft report's concept of revital- 
izing analog CATV equipment as a broadband 
subscriber drop^ He beliey^ tjie. emerging 
fiber optic technology is lijcely to come 
into being too soon for CATV to be ^Viable, 
competitor. He suggests, that tlie large 
telephone common carriers might add optical 
fiber lines' to the Subscriber loop, and uti- 
lize their existing*poles^ and cfopper sub- 
scriber* loops to supply dc pokier for trunk 



The intent was not l^o say that development/ 
of such systems must be completely indepen- 
dent, of existing common carrier ;^ervices, but 
that such a possibility exists. . The final 
report clarifi-es this 4ssue. 



The draft report'did not mean to exclude- 
qoromon carriers (telephone or otherwise) 
the use-of future broadband distribution 
systems* j. The final report clarifies^ this 
situation, . * 



from 



7:: 



•The final report allows for the |>ossibility 
of various media distributing broadband 
communication services. Many of the pptentia 
barriers are more in the software or u^er 
service segment/ Utiliza^tion of existing, _ 
plant by telephone coimnon- carriers to power 
-fd^bef optic^ transmission trunks and subscril5e 
terminal© can only be speculative at. present. 
That ,po^8fifibillty is open and the future jnarke 
process (as influenced by the regulatciry 
process) will deteipnine applications in this 
area. - ' 
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Substance ofr-Cbmment ^ ^ 

repeaters and subscriber tf^rmin^is,, thus ^ • 
•retaining' traditional f ree^^o^^^,^^!^ *(3epend- 
ei^cy pn ac sujppliiss^ an^'^WtBl^aSttte^me^^'i^ 
keeping the broadband drop firmly in their ' 
9wn hands. * j ' > ' : 



Response to Comment 



. Section 8 ~- Fib^r optic Comrr^^n^iQAtxons 



A, ^ A large research and consulting firm 
agreed with* the draft report emphasis on * 
the fiber optic distribution network area 
for intra- ^and inter-buiWing use because 
it is simply not' clear yet that there is 
adequate high speed data or other wideband 
traffic demand 'to justify large-scale 
investments by the common carriers to 
replace existin,^ > long haui transmission . ^ 
plan^..' However, ^the building services area 
Idoks liJ^, a real possibility with appro-' 
priate stimjulation foi^ both cbmmori carriers 
and private operating entrepreneurs. 

B, *The reviewer', who is f/om a non-Bell 
'common carrier firm, objected to the fiber 
optic discussion which talked about intra- 
and inter-building use ia' the context of 
Roncomihon barriers. The /reviewer found it 
inappropriate to expend ^arge sums of 
Kederal Inoaey for explora,tion and 'earmark 
it for use in the noncomm<?n carrier market. 
It was said,' that,' in todaV's environment,' 
these fiber optic distribution systems Would 
be owned and maintained by the common 
carriers and therefore the |>roposal seems to 
invite needless duplj^catibn. ' , 

/ - ' » 



This comment reinforces our cor><5lusion; i't 
remains as a part of the '-Cixia^ report * 
discifssioH. 




. Ci A large commbn carrier questioned that 
optical fibers within a building would be 
a noncomnjoh .carrier function.- 



The; use of the term noncommon carrier in the 
optic section was unclear as OT did not mean 
to ej^clude- the common carriers from this 
application area. 'What was meant was .t^ 
charact^i^^ some areas of fiber optic* 
communications that could possibly be' ^ 
served by other than cpmmon carriers. For 
example, it is not qlear that only commcJn 
carriers should be able to utilize fiber ^ 
optics for distribution^purposfis, particularly 
in the intra-building usq (which might be 
interpreted as an interconnect application 
and therefore, opdn to noncommon carriers). 
The use of fiber optics for distribution • ♦ 
' purposes irif new buildings would clearly not 
be duplicative. The final repor£ clarifies 
this issue along these lines. 

While the final report does hot state that 
fibers must be provided within a building 
-as a noncommon carrier function, it also 
concludes that it is not clear at present 
that the common carrier must necessarily 
provide this function.' t This remains an 
open question and ^ involyels maijy^of the same 
issues as ^the' int^rconhectiori of .other ^ i 

terminal equipment to telephone lines* It; ^ 
should be noted' tJiat th^ internal wiring of 
new buildings with qptical fiber? would- not 
be duplicative ' of ^e^isting common carrier . 
distribution facilities. Moreover, FCC has 
established poliities that encourage competi- 
tit:^ in the -area of. interconnect equipment. 




/ 
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Response to Comment 



0, , An equipment manufacturer commented that 
small scale intra^building use was not well 
adapted to optical fiber distribution net- 
works. ,This is because the total data flow 
envisioned is well within" the capabilities ^ 
^of, economic closed-circuit cable systems 
"already available. Since 300 to 400 MHz 
'can be provided now witl\ cable, fiber optids 
is considered attractive only for long disr 
tance, higher capacity t,funks rather than 
sho^ range nets. * ^Event^ally large scale 
production would be expected to lower costs 
such that small local systems using optical 
components would have a» cost advantage, but' 
it would take extensive use on long distance 
trunks to drive this production cost 'down* * 

' e, a large common, carrier corAmenteS there , 
would be continued optical fiber research 
and use by common carriers, conttary to 
statements in the draft report. 



While it is true that data flows _ frpm 
terminal equipm.ent presently avaLl^le can 
b>s accommodated By available coa:d.al cable, 
there are reasons why optical fibers may be 
jnore advantageous in the future. We ant^ici- 
pate-tjtiat future terminals would make ppssible 
new intra- or inter-building "communication 
uses that need and benefit from the inherently 
higher capacity of fiber optics, at equal or 
less cost. Furthermore, fiber optics appear 
to have the potential to be significantly 4 
less expensive than cable within the next 
few years. The final report discusses this 
issue in detjail. t * 



The draft report did not say that large 
common carriers were not qxpected to continue 
their research and develojiment ,in. this tech- 
nology? it' is expected. Although the 
reviewer says R&D' in optitfal fiber technology 
is proceeding well 'under the hand of private 
industry, other information indicates the 
United States is not 'maintiiining^ a comfort- 
able^ lead in this /area, jrelative'to other ' 
cduntries. The final repoVt discusses this * 
issue directly, r " # 



gection^/*' -"^ Cohshmer '^Electronics 



A, The di^rector of a technical DOD agency 
expressed conc^^ns in the consumer elec- 
tronics area about the merits of using 
existing R&D findings' as a^tool in reduc- 
ing imports. Since low cost foreign labor 
is a ma jor consideration in the flow of 
this industry overseas,^ increased researc^i 
into industrial automation may be a partial 

^answer in recover iftg a portion of the 
consumer electronics market. He suggested 
this subjedt should be^. dealt with at the 

. level of ^loviding incentives to business 
dr possibj/y in the political o'r diplomatic* 
arena, f A- 



The filial 
electrof 



r^ort does 
issue. ' r 



not address the consumer 



B, A reviewer from a large consulting \ 
'fiirm raised the question of consumer elec- . 

tronics' being a proper area for OT since it | 
involves a different sector .of the U. S*. . {' 
industry and' a- different set of problems. 1 
(It may nbt even fit* within the definition ^ 
- of telecon^unications. ) To devote resource^ 
, to this sector at the expense of othejf areas^ 

may be diversionary. * - 

• • ' . ^ 

C, A reviewer , from a large manufacturer , 
^Varns that t;he draft report did not success*- 
5 fully make the case that we must recapture 

domestic m^irkets lost to lower c?ost oversea^ 
Sources in the consumer electronics markej:.!! 
. ''^ He doesn't believe that we must pursue a ■ 
^positive balantJe of payments ip every pro- \ 
duct area, especially if it might costlus 
dearly 'to get »there* ( 



The final rei?ort does not addrfess the consumer 
electiTj^nics. issue., - , } ) 



The final report does not .address the consumer 
electronics issue. . 



0 

ERIC 



is; 



Substance of Coiraneht 



Response to Comment 



D, A large multinational manufacturer, . 
stated the' conaumer electronics industry 
would* bfe bfetter served by a strong Govern- 
ment program to implement anti-dumping 
statutes rather than, by Government 
intervention 'in the R&D process -Cwhich p.n 
the past ha^s. been counterproductive)* A 
desirable appropriate role for the 
Department bf Commerce was identified as 

.^ata gathering and a program to mpre 
rapidly and effectively implement 
Government agency regulations, 

E, A large manufacturer recommended that 
more' flexible tax and depreciation formulae 
wpuld motivate the kinds of J.nnovative 
technology in products and in production 
automation that a^e required in the U. S. 
consumer electronics p.ndustry. ' 



The final report doe^ 
electronics issue; 




iiot address the consumer 



The final report does not address the cbnsufner 
electronics issue. . * , ♦^I ' 
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Appendix' B 



{ • 



SUMMARY OF INTERNATIONAL TRADE PROBLEMS'"^- 
' AS, IDENTIFIED Bf*fk "iteTRV ^'"^^ - 



1. Qfiii 



OF tj4e Vif1^<? 



7^ 



Earlier, ^i-n appiiii^^:^^f^^^^^ji^a.t^^^.^ri^^ made to 
industrial firms sdunded- out theirfppinions:^' vario\is 
aspects of infeernationSl trade in»:t,6lecojnmunications. More 
specifically, the interview teams .fought to identify the " 
obstacles that might be hinfiering U;.' S. indugTtry'.s claim to 
its fair share of the'intefnationalVmarket..- 'This appendix . 
suiranarizes the major points made .by^industry in tKe course 
of these interviews. ^ 

^ \ . " . - ' \ 

The reader should be. aware 'that: \{X) what follows is indus^try 
speaking, as heard the. Task Force reporters, and (2) when 
.the -word Viji'dustry" is used, it refers merely' to the sample 
of the industry that the interview teams , canvassed during^ 
their survey. , ^ * 



2? Summary of the Views - " ' • ' . 

The basic barrier, as viewed by industr>j^, ^ seems' to be^ the 
lack^of a unified national telWcommunic'ation trade policy. 
'Closely related tp this is .the absence of a well-defined, . 
Government cpmmitment to ah increase in 'telecommunication 
^x^orts.' ^ • • s . • ' 

^ - . ^ ' V. ' . ^ • , 

At th^ moment/ n6. single Federal agency is i:e.sponsible>^for 
establishing and giying voice /to\U. S. policy as regards*, 
telecommunication trad^. * Export control \is decentralized; 
as a result, there is a general diffusion of responsibility 
throughout the Government.^ Xndustry, therefore, of ten ,ex- 
periendes confusion and f iriastration* when it tries to elicit 
a response from Governmenjt. .&?itietimes it ends up with no 
response at all. ( ^ - , - 

It was pointed out that .most othqr d^veldped countries have 
telecommunication ^inipters with ca^binet rank to determine 
'tjieir national 'policies* ^ J « 

The ex'^ct composition of unified natipriai 'pdlicy was not 
.stated. ^Biit.the following problems would surely be alle- 
viated, and thus could be considered*^ as /candidates for - 
^ improved policy^ formulation J " ' - 

1 ' • o Ins-uf f icient financing of pxport sales. 

^^o Unfavorable tax laws .and regiilatgry processes. 

o Federal Selays in export processes. 

/p 'Inadequate U. S. embassy ^as^i^tance. 



o Multiplicity of Federal agericies Responsible 
for itel^colnmunications trade. \ ^ j 
\[ ' ' f — i ^ ' ; ? ' ' ' 

'^^^ ---j*? Diff^eren^es between U., S. standards and- standards 
of the International Telecommunication Union - {ITU) . 
' ^ ^ ^ > ^ ' ,^ 

6;^^ -Narrow base of U. S. participation in ITU. . ^ 

o ,Barrier§ .erected by other countries. * 



Eat:h of these will be treated in a i^epara^te section below. 

^'ocUsing on Network Information Seryice^,' there is a cl^ar 
heed for^m coherent Government policy on privacy. "Privacy 



in this context refers generally \o "the protection of pe>sonal 
or business information placed in como^ter storage fa<5Uities; 
America's concern with sudh "privacy'-^may take di^fiSg . 
forms. In the matter of sensitive personal data - such as' 
c^edit records - that might &ind -their . way intp overseas 
■ computer stor^age centers, Government shoujd act vigorously 

• to assure that carefully specified "due process" is observed. ' 

_^But, as regards the flow of. economic infotmation from country 

"■oSi-''?n?Sniif 'r''''^ ''^"^^ ^^^^ Government .speak 

out forcefully for.more open policies; some, companies fear 

V ' the international sphere,- restrictive measures ' 
along ihese- lines , may be in the. -of f ing.- 

^ THE NEED FOR BETTER FINANCI-NQ ■ ' . » , 



I^^^i?*^ °5 Po^ernmen^ financing- of telecommunication 
expqrts^is considered by 70 percent of the companies inter- 
^u^r^ ^ serious,- and :in many cases the most serious, 
'?^^n^??^nr''''r^^''i competition for contracts worth' more 
n^f? J '* Industry seems to believe that,- although the 

• f^f t f^""^^ first- m technology, Japan is capturijig 
the world^s telecommunication market thanks to its vastlv " 
superior Tinancing plans. - , jr - . 

(Japan, for exampl^, will offer a prospecti've client 100 , 
percent financing at 5, percent ixite;r^st*Eor .20, years', often 
with no payment for the first 2 years.) ' '-^ " ' / 

■ Industry thinks that the Export- Import" Bank (Exlm) provid-es 
a -number of examples of -poor financing policy. Exlm has 
offered to reduce its- rates to meet the lower rates of ' ^ 

foreign lending institutions; but, speaking realistically, ' 
It IS often impossible -in the short time the bi^ is ope^ ' to 

• determine what j|:hose" foreign, rates might be. i 

Also, Exlm will not gej: involved early enough' in the con- . 
tract negotiations. It is anwil'ling to discuss financing 
until the contractus signed, in spite of the fact that no 
prospective buyer Mil sign until he is assured of- his 
financing. ■ ^'^ '\ 

There are other aspects of Exlm' s "operations thdt industry ' 
.V16WS as nonsupportive. Exim's main ^Interest is in very 
large, contracts. Its rates ;are no longer truly compelxi- ' 
tive. And itsJrespohse time tQ^ financing requests^— from 
2 to 6 yeeks' — is; too long. . ' ^ . 
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Turning to the Vfbrld Bank, industry criticizes its unwill- . 
inghess to take/ into account the whole life cycle of a 
, telecommunicat^'on system'/ which may total 40 years. Industry 
thinks that; the bank should therefore engage in more long-- 
term financing, > ^ • ' 



THE NE-BD FOR BETTER TAX INCENTIVES AND REGULATORY PROCESSES 



-Industry considers present U. S." tax laws to be discourage- 
ments to aggressive exporting especial-ly in the light of the 
supportive tax pr:ograms afid heavy export subsidization of 
for^ign 'competitors; chief among these are Brazil and Japan,- 
Smaller firms in, particular think this way. , , ^ 

As to the Domestic Iriternatiohal Sales Corporation program, 
which allows for some deferral of taxes on export ir>com^, it^ 
was suggested that it pot be cancelled (as , Congress is now 
considering) , but rather modified to provide st'ill greater , ' 
incentives to the telecommunication industry. As' things now^ , 
stand, many ; companies are i-gnoring it as being not worth the 
effort'. ' ■ I ^ - . 

Another u^jjettling phenomenon is Congiress's apparent intent 
to phase put .the Western Hemisphei:e Trading Corp9ration,^ ; 
whose tax provisio'hs are generally regarded with 'favor. 

With regard to regulation, firms pointed to regul^toryx ^ 
delays 'causing uncertainty* among prospective buyers of pro- 
tective coupling devdLCes^ for interconnection^ e.quipment. 
Indus^try was also unhappy with the FCC's ddlay in deciding 
Class' D and Class E cases that permitted Jap'an to introduce 
its radio into the market before U.'S. firms could. Industry 
.generally recommended that a. thorough review of the effect of ^ 
the regulatory protess on exports ^and imports be conducted, wi 
the goals of reducing the delays, and simplifying the procedure 



SHOULD WE REEXAMINE THE' FREE WORLD COORDINATING, COMMITTEE - ^^ 
LIST? . * ( ] 

Companies <idoing business ^with Easteynf Blop riations are 
concerned with a lack of clarity in tne 'pertinent sales- ;^ 
guidelines They s^y there is no way\to find -out in advance 
whit Can and cannot be 14.censed for ejcport; this is espe- 
cially true for nonmilitary gbods. Alsp, the ,delay in • ? 



* . * ' * 



, licensiyig- can be appalling, some farms reporting that ap- 
prtovaj-might c-onsume up to 18 m^jnths; sometimes letters of " 
SSv ^^^S^^K f^""^ shipmefits can be made. Jn one .case, it 
PolLd ^° replace a burned-out minicomputer in 

^ ' ' ' ' ' .' . " ■ " 

t2p^?rI?An,r^K P'??^^^?^ ^^'^ Free. World Coordinating Comfnit- ^ 
'tee (cocom) has the effect of providing market tips^ta ^ 
competitor-iWtions. Worse y^, the United States may well 
be the only nation tthat takes this list-Very seriously.,^ 

Some companies contend that the use of the'CoCom iist is an 
titl nni. J^l ^2 ^^'^trol these- exports. It w^s suggested 
that DOD, which administers the CoCom list,^ concentrate its 
jnergies-on a core area of critical items where control is . 
-still advisable, .and free the remaining items. • 




help' DEEDED FROM U .'^ S . EMBASSIES 



• The majority of the companies interviewed expressed discon- 
tent with the assistance given the U, S . . telecommunica'tioft 
industry "by our embassies abroad? ^ This was. . especial li^ true 
m the case of small companies; i;.e., tl^pse with annual 
revenues under $50 million. . 

■ h^iSr-.''^^^!''^^''^''!^ embassy staffs as being particularly 
neipful.: It was thought that commercial attaches and other 
embassy Staff ■ members have overly broac^ areas of responsi- • 
'.bility and-' generally lac^ either background or interest in 
telecommunications. • • <> > 

The U. S. telecommunication exporter faces two problems hat 
. pur^ommerciil attaches could help le'ssen: ^ , 

o Identifying^key^telecommunication policyma°kers in 
- ' . foreign -countgrles and arranging introductions. 

" • o ~ Locating ,aAd evaluating thte potential markets for 
' telecommunication products. ; ' ' ' ! ^ 

"QUE STOP" CENTRAL AGENCY. ' 



Jnduetry gave wide support to 'the idea°6f a small ,' central 
Federal agency that would serve as both' a coordinating group 
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and as a central information service** Also, it would be. 
empowered to represent U. S. telecommunication export 
interests before other Federal agencies. In doing -this, 
such an agency would be a further' expression^ of a 'u'nified^ 
'"onei-yoice" national telecommunication policy. * ' " . . - 

The minimal activities of this proposed agency were seen to 
include* the following: . ' * ^ \ 

(1) Consolidating the Governipent ' s telecommunication 
export control processes in'^ order to ^implify^' V 
and to' speed Up .regiTlatory decisionmaking, ' 
' / export licehsing, and' other such Government . * 
Tioncerns*. « k • * 

/ (2) Maintaining a central information agency wjiere 
telecommunication executives m|.ght obtain data 
, and guidance relevant to: their interests. This 
information 'library w6ul<t contain such things as 
translations of foreign standards- and specifi- 
cations, an '^uprto-date log of bidding results on 
foreign 'contracts, a compilation of the latest 
regulatory .decisions, and a World Directory of' 
Telecommunications.. - 

. (3) ^ Serving as a forum that would fulfill two. closely 
related '^purposes : f itst, . it would be an inptj/tu- 
«tion at which ilidustry could present ijbs view^; 
thus allowing Govfernmen,t and .industry to interact ^ 
as the need arises; second, it would provide an 
easilj^ Accessible meeting ground for representa-" 
' • tivek of the U. S. Government, foreign governments^ 
and American industry . 



DIVERSITY OF^ INTERNATIONAL STANDARDS 



Differences between ifhe standards df the United States and 
those of the ITU,som^imes make Ameriqan telecommuniaation 
goods uhsuitabl^ f or overseas, use., ' This ,rS^^uati€^^n 6f dif- 
ter^Lng stand^rdsSalso means that'-U. S. firms fihd it diffi- 
cult to practice economies' of scale as* regards producti^Dn 
for'^ore\Lgn markets. Foreign firms producing for the U. S. 
market d^ not face tfiis problem ^ in quite the same way,* as - 
oui^ market is so vast. ^ .: 9 " > \ 
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lllJir-Z t tT't^'^f did irame some specific areas where 
■n!S 3 J "light be harmonized: optical communications, 
needed for development of fiber optic systems; .modulation 
equipment as used in the MARISAT progrSA; and'accSs codL ■ 
for Telex equipment. ^^^z 
*• < - • 

Conversion to the metric system-^marily-aff ests desion anri 
•construction drawings, cabin^t^and slLur^loncerns? 
these difficulties -are considered tobe rqujily equfvai^nt * 
to language barriers. -• .-^ ^uxvaxent^ 

includSr^ proposals for Government help in this matter' ' 

*■ 

(1) An analysis of U. S. telecommunication ^ " 
.standards penetration into the world market. 

(2) Prepafration of a log of foteign Standards and 

Of countries using common standards . - This might 
aid smaller companies, some of which reported . 

^that they periodically had, trouble finding out 
what the relevant foreign standards were in time 

. to meet tenders of s'hort duration! » 

(3) More effective participation in the international 
organizations that establish standards. This 
g^ts us. back to the ITU, which is discussedfin 
sdme Retail bglow. . I 

A MORE EFFECTIVS VOICE IN THE irJ' - ■ < 

• , ' ■ • y 

' Government* activity- in the ITU's major committees — the 
International Radio Consultative Committee (CGIR) and 
Its opposite number for telephone and tel^ga^aph (the CCITT) - 
was the subject of some industry , comment . Ma nf^ companies ^ 

S^^^?-''^^ k"^"^^^ developing posi'tJons 

and cbDectives.-before these committees and then fallowing 

i^^m)^^ °" ^^^""i °f American performance at the 

CCITT seemed to be emph'isized . ^ ' , . 

• 

* Many firms- believe that they have no voice'-- or at best a 
weak voice — in the deliberations 'of the CCIR and^CCITT-. 
They point out that most companies cannot afford the tiitie 
and expense demanded by representation on these committees. 
Arid, they conteiid, the Government'^ positions do. not always 
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incorporate their views. So they are intetestjed in seeing 
some mechanism developed that would permit manufacturers' 
voices to he h^ard by the Government as it frames the 
statdxnants it places before these ITU institutions. 



^NATIONAL TRADE BARRIERS 



foreign government^ often restrict imports from" the United * ' 
States for a variety of. reasons: military preparedness; the 
wish to protect local industries, a wish that is particu- 
larly strong ip, less developed countries,; political con- 
siderations; and lingering ties of former colonial nations 
to their prior rulers. 

The restrictions take diverse forms, including 'the follow- 
ing: discriminatory tariffs; '''dumpipg" practices; bilateral 
traSe agreements; long-standing traditions of^ cqrruption, 
which erejct barriers by necessitating graft payments; and 
the often dilatory methods- of central PTT's. , ♦ ' . 

How should the Government attack these .problems? The inter- 
viewed firms suggested a number of approaches: 

(1) Increased U.. S. participation in the committees 
of the International Telecoinmunication Union^ 

(2) Government support for work- study programs designed 
to educate- engineers from emerging countries in 
9. S. technology and its applications. 



(3) Federal ^Government encouragement to American 
firms to combine efforts in international trade * 
so as to reduce internal competition and to 
compete with greater strength against. foreign 
consortia. . • 

(4) Jpint Government and industry studies *of problems 
relating to balarrce of payments, barter -{in whi'cK 
goods are exchanged for good3) , and offset (in 
which countries agree to buy specified items from 

% each other on a reciprocal basis) . ' ' 
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Appendix* C 

ADDITIONAL TECHNICAL DETAILS ON THE 
STATUS OF DIRECT SATELLITE- COMMUNICATIONS , ' 

1. Perspective >■ ' ' . 



Satellite communications are a^major part of satellite' 
.technology application. Applications to date have been as ' 
diversified as weather, space, and environmental -observa- 
tions, telecommunications, -earth resource assessments, 
position location, and military applications. i 

The satellites have ranged from small (such -as SYNCOM in 

-^^^L^? "^^^^^ ^^"^^ ^^^^ ^^^"^ experimental satellite 

m 13J4). The corresponding eartfi, stations also come in a 
variety of sizes, for example, the small JData Collection - 
Platform Radio Set (DCPRS) of the SMS/G(DES weather satellite 
system of NASA/NOAA as opposed to the large INTELSAT earth ' 
stations. The^.smallest earth station may be, the receive- 
only", portable, severe storm warning receiver of' the paging ' 
radio size, proposed and studied from ,time to time. Costs 
. of earth stations vary considerably, as indicated by com- 
paring the SMS/GOES radio set, DCPRS,. for around |hb,50'o * 
(receive-only version) ,« to' the large INTEL'sat earth station ■ 
m the $2.5 to $5 million range. ^ 

\ .>..-.■ 

FREQUENCE RESOURCES . ' 1/ • • 



Internationally, |:he^ variety of satellite technology appli- 
cations is demonstrated by the number of * "satellite services" 
"tor which frequency • allocations • have beeri made. ^ The list 
includes the satellite services in table 1. .The~18 satellite 

-services shown each have a corresponding set of numbeTs, 
describing the number of allocations and the total ntunberof 
megaheirtz (MHz) assigned to that satellite service in ITU 
Region 2 (North and South America). Of those, the number of 
allocatiK5.ns'and megahertz- not share^d with other ^atellitQ or'i 
terrestrial servi6e's are also shown. ,The four numbers 'are 
split into 'two parts, referring to frequency allocations at 

.or below 14.5 GHz, and^ separately, those' above 14.5»GHz. 



Table 1; ITU Region 2 Satellite Services^ 



I 



Satellite Service.^ 



Frequency Allocations 
Number? " Number Shared^ 



Number of Megahertz Allocated 
^Total^ Not Shared^ 



Aeronautical Mobile - 

Aeronajitical Radionavigation - 
Amateur - 

Broadcasting - 
(a^) Individual Recegtion 
(b) Community Reception 

Earth Exploration 

Fixed - 

Inter' - - • . 

Land Mobile - - - 
Maritime Mobile - 
Maritiine RadionavigatJLorj - 
Me t:e6xo logical - 
Mobile - 

Radiodet^mination - 
Radionavigation ~ . • 

Space Research ^ " * ^ 
Space Operation " , ^ 

Stfindard Frequency - 



4/6 

."♦N.A./e 

5/1 

4/2 
N.A.f 

3/' 

4/3 
23/12 
N.A./^' 

4/6 
N.A./6 
10/N.A. 
1/N.A. 

3/N.A. 
11/14 

6/N.A^. 

1/N.A. 



2/6 
'N,A./6 
5/1 
4/0 
N.A./^ 

4/3 \ 
21/2 
N.A./Q 
Not Allocated 
2/6 
N.A./6 
10/N.A. 
0/N.A. 
Not Allocated- 
1/N.A. 
10/11 
6/N.A. 
•0/N.A. 



32.0/49,000 
N.A./49,0'00' 
. 4.5/50 
690/4000 
N.A./^ 
190/^ ^ ^ 
385/2800 
4420/34,825 ^ ^ 
N.A./50,950 

17/49,000 ' 
^.A./49,000 
'203.85/N.A. 
'0. 10/N.A. 

'100. 3/N.A. 
1^8.871/38,150 
20.005/N.A. ' 
0. 10/N.A. 



• 30.0/0 
N.A./49,000 
■ 0/0^ 

0/4000 
^N.A./^ 
0/5 
0/0 
100/33,500 
N.A./50,95e- 

15/0 
NJA./49,000 

O/N.A. 
0. 10/N.A. 

"0;30/N.A. 
i:p/ll,050, 

0/N.A. 
O.IO/N'.A-. 



^U.S, 



Satellite Services and Allocations are cfohsistent vith, but not the same as, those of 
ITU Region 2. • - • ^ ^ ' 

^For example; Aeronautical Mobile-Satellite Service, and Inter-Satellite Service. 
The first number, A, of ^e ,pair; A/B', applies to frequency allocations at or below. 
14.5 GHz -while the ' secorra^jiumb^r applies to th^^se. above 14.5 GHz. 

|N.A. - Not Allocated. « . p , . ; ; . 

'Broadcasting-Satellite allocations for individual or community reception have not been 
decided above 10 GHz. ' . 
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r These allocations are distributed across the frequertcv 
spectrum gom theUowest at 7.0 to 7.1 MHz (Amateur-Satel- 
lite) to the highest at 265 to 275 GHz (FixedrSatellite) . • 

Sharing -with other satellite services and terrestrial ser- 
vices IS the rule rather than the exception.' "Performaitee 
l^Tr^'J^l TJ^? by interferen<^e, in addition to noise, which 
fact has led- to limits of pcgj^er flux density in many" of the 
allocations to satellite sei^ices. 

* 

For table 1, the dividing " frequency of 14.5 GHz was chosen. 
It appears to represent the upper limit, in frequency, of 
off,- theT shelf technology which has been- tested for system " 
application. ^ 

Frequency allocations above 14.5 GHz -are c^aracteriz^, at 
th^ present time, by needs for development of selected 
technology, studies of system applications, identification 
9f technology and channel limitations, economic studies, and 
demonstration links. and systems. While allocations have 
been made, the. major allocation and regulatory implications 
are not clearly defined yet. This is an issue itself, in 
view of the forthcoming WARC in 1979. ^ 

/J w 

From the viewpoint of resource allocation and utilization, 
withm ITU Region 2 covering North and South America, one 
quickly c^culates the difference between 2 75 GHz and 7 MHz 
to :arrive at, a total bandwidth of 274,993 MHz. The satel- 
lite- services- have 152,860.855 MHz,^r 53'. 6 percent o'f this 
total bandwidth, allocated under conditions- of both shaj^ing 
and nonsharing with terrestrial service allQc^tions. 
Hence, the satellite services are well rec^ognized, in terms 
Of frequency allocation resource's, as equally important as " 
terrestrial services. Howeyer, the satellite services" 
apj)ear to have ,4 nonequitable burden in sharing with ter- 
restrial services. While the satellite services are alio- ' 
cated.55.6 percent of the totdl, only 11,098.5 MHz are 
exclusive to the satellite services which is 4 petcent of 
the total. Thus-, while the terrestrial services have 43.2' ' 
percent" of the .a-llocations .exclusively (not shared with. the' 
satellite services), the satellite services have exclusive 
.use of'^only 4 percent of the allocations (not shared with 
terrefetri-Sl service). Further*, only 1.1" percent of the 
allocations is reserved exclusively for "the Fixed-Satellite 
ServiGe. ' . , • • ' ' 

The dividing line of 14^5 GjHz between the' technology limited 
(above 14.5 GHz) region and the market ^nd. regulation limited 
(below 14.5 GHz) region can be used to illUstra'te 3 funda- 
mental imbalance in- resource utilization.*- Between 7 MHz apd 



14.5 GHz, one has 14/493 MHz bandwidth of which 4960.855 . 
MHz, or 34.^ percent, are allocated l^o the?i gatellite services 
(shared - 85 percent and nonshared - 15 percent).' Above 

^14.5 GHz, the 260,500 MHz allocate {jfxp tb 275 GHz) has 5^.8 
• -percent, or 147,900 MHz bandwidth allocated to satellite^ ' 
^eyvices (shared - 93 pe^rcent and .nonshared - 7 percent) . 
^he 4960. 855 MHz, however/ is only 3.2 perqeiit 'of the total 
bandwidth all^ations tp the satellite services (152,8607*855' 

-MHz). These numbers were not ..rounc^ed off because some, 
allocations are in kHz, or fractions of d rtHz . * Above 14. Si 
\ GHz, 50,950 MHz are allocated to the intersatellite service, 
which is included in the aforementioned. A be'tter comparison*. 

> would .exclude this 50v950 MHz from the 147,900 MHz. Doing , 
this, the total satellite service allocatidn is 101,910.855 
MHz, between 7 MHz and 275 GHz, excluding the intersat^ellite 
service allocation. Above^l4.5 GHz, then, 95 percent, of 
101, 910. 855 MHz is allocated to all other satellite services. 

This appendix will focus on the 5 perbent of the allocations 
below 14.5 GHz and the problems which exist today. . Frpm a 
resource utilization viewpoint it is reasonable to pursue 
another investigation into the technology limitations of the 
other 95 percent bandwidth of the "satellite service frequency 
allocations which have been made to date. This is* also a--, . 
major potential issue for the forthcoming 197,9 General WARC. 
Fi'guife" 1 ijluafctates this division of the frequerfcy spectriim 
from 7 MHz to 275 GHz. , • ' ^' ' - • ' - 

Of. the 496^0. 855 MHz allocated to the satellite services 
-below 14.5 GHz, in ITU'Regi9n 2, 89 .1 -percent , pr 4420 MHz 
bafidwidth, is allocated to the Fixed-Satellite Service. The 
next largest allocation, 690 MHz, has been made to the 
^ Broadcasting-Satellite Service. However these 690. MHz 
» allocations are shared with .the Fixed'-Sat^llite Service and 
are included in the 89.1 percent* given above. 

- • \ ^ ^ 

OTP and- FCC, acting ija concert, determine the application of • 
the I^U Region 2 frequency allocatiqr^ within the United 
States • National frequency alJ.ocations*!ifare divided into two 
parts — one for nongovernment use and the other for govern- ^ 
ment use. The allocations' to the Fixed-Satellitis S.ervice 
in the United States, which include the Broadca^ing-Satellite 
Service because of sharing, total 12/040 MHz for the^^ alloca- 
tions between 2.5 GHz ^(the lowest) and^SI GHz. This alloca- 
- tion represents 42.2 percent of the spectriim* between the 

above limits. ' , . * 

, *' " . ^ > . * ' 

Below 14. 5* GHz, 4440 MHz ar-e allo'cated to the Fixed-Satel- 
lite^Service in^ the^United Staples. An additional 6Q0 MHz ^ 
I. "3 
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2%-- SATELLITE tolCES ALLOCAtEO BELOW 14.5 GHZ 




NOTE: SATELLITE 'services INCLUDE ALLOCATIONS SHARE(H9iO 
NOT SHARED WITH TERRESTRIAL SERVICES 



Figure 1-. Freqv\3ncy allocation division.^r teii,e 
' 7 MHz-275 GHz interval of 274fSp3. MH? 
- • ' .(ITU Region 2). Only 4% of 'the .Satellite 
Service allocations "are n 6^ shared with * 
terrestrial services. I 

, C.-5 

-472 • • , 




^■'■"^^^^^^ "^^^ Region 2 has not been so allocated for use 

in tl\e United States-, This totals 5040 MHz* On the other 
hand, an -additional ^ 500 MHz iias been allocated to the Fixed- 
Satellite Service in Brazil, Canada, and the United Stages, 
on a secondary basis. ^This^ 500 MHz is "allocated to the ter- 
restrial Fixed and Mobile^ Services in ITU' Region 2* (to non- 
gdverninent use'ip the Uni'ted -States) • ' ' 

i 

^The difference between the previously, mentioned 4960.855 M»2 
for ITU Region 2 and the 5040 MHz, cited above, for the 
United States between 2*5 .GHz and 14*5 GHz is accounted for 

' ■ o |.Subtracting from 4960.855 MHz the 160.855 MHz of- 
I allocations b^low 2.5 GHz. 

o Subtracting from 4960,855 MHz the* 260 MHz of alloca- 
tions to other than the Pixed-Sabellit^, Service. 

' ./ ' • ' . - Ai 

o Adding to 4960*853 MHz th^ 500 MHz, cited above, 

which is not allocated to a satellite service in ITU 
Region 2. 



between: lA^„a_GH2_aifd 31 GHz^: -within the Un^ited States^r-7000— 
MHz (58 percent of^ the 12,040 MH? s^tellrte allocations 
between 2. 5, and Sl'^GHz) are allocateid to the' Fixed-Satellite 
Service. Of th>S,. 2000. MHz (16\ 6 percent. of 12^ 040 MHz) ^are ' 
ailocated for Government use, with^ thfe other '5o6o MHz reserved 
for nonApvernment ^applicati^ Figure 2.^11ustrates these 
numbers^ This is the' next region of the spectrum for 
inercial progress in 'satellite ' communications. tp' be madQ. 
However, .this progress will be slow* uniiil technology limit- 
ations, to be ddsQussed subsequently,^ are overcome* ^ 

The" most well known Fixed-Satellite and Broadc^tingr-Satellit'e 
Ser%>ice allQcations be low 14^ 5 GHz are between 2.5 and 2*69 
GH? (downlink), t^e downlink-uplink pair of 3.7, to- 4. 2 GHz 
and 5.925 to 6;42'5 GHz for domestic public use,' and the , 
dQwnlink-uplink pair of il.7 to 12.2 GHz ^ and 14.0 to 14.5 
GHz. These alloc^ations atre designated in this report' afe 2*5 
jSHz, 4/6 GHz, anff' 12/14 GHz> respectively. noted from.^- 

figure 2, these nongovernment allocations account for^only 
2190 MHz of the 5040 MHz allocated below 14.5 GHz which is 
18.2 perperxt of thfe Fixedr and Broadcasting-Satellite 
allocations ^belov/ 31*GHZt ^Another 8:3 percent is aliocat§ff*^../ 
(IdroO MHz)^ to Government purposes in the 7/8 GHz alj^catidn 
downlink-uplink pair. iThis particular Goveriiment allocation 
is often claimed- to have reached the Saturation • level , in 
terms of sharing ^between .'terrestrial and satellite stations* 



.f 24.4% ' 
NON-GOVERNMENT 

2.5 GHi- 14.5 GHz 
2940 mi 



1.6%.' 
190 Hl^- 



2.5GHi-l4.5€Hz 
NON-GOVERNMENT ' 



. 2.5 GHi- 14.5 GHz 
ITU REGION 2 • 

NOT ALLOCATED . 
WITHIN U.S. 




/ 



* NOTE: A TOJAL Of' IZ.O'fOHHZ ISALLOCATEO TO THE FIXED-SATELLITE SERVICE 
- - IN THE UNITED STATES BETWEEN 2.5GHZ AND 3IGHz' (SljA(lEO AND NON-SHAftED) 

Figure- 2. Division of fixed-satellite and broadcasting- 
satellite service frequency Allocations 
^ > within the U.S. firbm 2.5'GHz,^to 31 GHz. 



One notes thatWoo MHz (4.2 percent) ar$ r^e^erved for int^r- - 
national applications, and another 600 MHz (5 percent) , are 
.not. allocated within the United Jftates. Further, of the 
U^. S, allocations, 750 MHz. (6.2 percent) are not yet in 
common 'use by the private sector. The following section 2 ^ 
concentrates on -the use ^nd present status of activity in 
the 2.5 GHz, 4/6*^GHz, and 12/14 GHz allocations withi^ the 
United States. - • 

ORBIT RESOURCES 

Low- and medium-altitude satellites were used for telecom- 
munications until SYNCOM T was launched into a gSosynchro- " 
nous alt^itude orbit over the equator in 19j62. A satellite, 
at geosynchronous altitude, positioned .over' the equator, has 
the advantage of maintaining a fixed p6sition relative* to 
points on the earth's surface. Earth station tracking of 
the satellite is elimi^iated' and earth station costs are 
considerably "^reduced. ,The satellite is in view of the earth 
stations for 24 hours a .'day, asvlong, as the satellite orbital 
position, as viewed.' from the eartfi station, is above the 
earth /Station*^ s horizon. * ' * 

The orbital arc abcwe the feguator -^t geosynchronous altitude 
represents an orbi ^resource.* Within ITU Region. 2 (Nc5rth 
and' South America), the orbit r.esource for ^ach-country > 
differs sojgewliat. More precisely, for a specific country,, 
the usable orbi^l-^rc is the part of the geostationary 
orbit wftich .is visibl,e\(iTi the radio propagation sense) 
above a specif ie^d minimum elevation- angle from ail potejntial 
earthy station sites within the country. While sa'telJLite 
communications are possihjle for earth station elevation^* 
angles below, 10 oi^gre'es, the likeiil^od of decreased per- 
formance quality is greater for ^a given earth,, station design^ 
Th^ 0 to 5 degree sector has restrictions on power levels 
and is generally considered ^undeMrable. Satellite-to- ^ 
satellite communications could also^be^^considered to utilize 
more f\llly the orbital arc %Dr*the United>St€[tes. 

Figure 3 illustrates the ecjuato^^l. orb^Lt resource for, ITU " 
Region 2 countries 1[approxim'ai:eIy 25 national ^administra- ^ 
ti'ons). -^^ico and'" Central America can use portions oE the.l 
arc west ^» 'Che 5 degree p9in£^for the UnitqcJ *St*ates , , and / 
many couM^kes of Central arid South America ^'can use up 'to. 55 
degrees jwBner 'east than the United States Satellites 
dould be positioned further east or* .west if only a portion - 
of the country were*±o be ^covered. * * ' , 
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mtti station, wittiin the ccmry, wjttL_ an antenna 
pointed at a geostationafy mellife positioned above , 
file equator at- the givennongit/Jdji' 
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Figure 3. Usable orbital arcs for various countries in ITU Region 2 (adapted 
; • from Reinhart,' E.E. , Rand.Report R-1463-NA^, May 1974, withoii€. 
, - verification). ..The 3rd line, designated dTS.-, applies to the"^ 
50 states. - . 



The figure also shows a questibn which arises. At 'the 
equator, the' ITU Region '2 boundaries extend from about 25 to 
120 degrees West longitude, a -considerably smaller arc than ■ 
,10 degrees East to 165 degjrees West longitude. Do the ITU 

• the available orbital 'arc resdurce 

to within Region__2, or can the arc extend otftside the^boun- 
daries into R^fion§-l and 3? This question Is. currently an 
jssue m ass<5ciation with the 1977 WARC for £hi 11 7-12 2 
GHz band. ^ ' 

For the /contiguous .United States, between the .5 degree i> 
elevation angle limits^ about 88 degrees of geostationary - 
arc are available. If the 10 degree elevation angle limits . 
- . are considered, 75 degrees are Available . This 75 to 88 
' applies to e^ph frequency allocation, so -that 75 

■ M« . ^""^ available at 2.5 GHz,^e same is availa- 

' w ^ ^° 2°"^^ additional' analysis should ' 

be done to mcltide the 0 to 5 degree elevation angle segments 
P^^^ °^ resource should not be arbi- 

_ trarily discarded. The frequency and size of the earth 
station antennas-, though, has a great deal to do with' the . 
number of satellites which can bfe positioned" within the 75* ' 
to 88 degree arcr for operation in a single d^lin-k-upllnk : 
p,air of frequency ba-nds. . ^ ^ up xim 

Conventional parabolic reflector antennas, of^diamfeter D in ^ 
meters have a. main beam of 3 dB pqwer beamwidth, ^which is 
approximately 20. 6/fp, degrees, where* f is the "farrier fre- 
quency in GHz.' To a first approximation, "the segment of . 

^ geostatiqnajsy orbital arc, .which is intersected 'by the ter-' . 
^J^^^i antenna main beam, is nearly the same aa the be^m-' 
width of the ntam beam,. Tl\e intffersected 'arc in degrees is 
0.85 times, the main beam beamwidth, or in ^erms of f rtequeScy / 

• f and antenna diameter D, about 3x7. 5/fD. This relation l^Kr^ 
Illustrated, graphically in figure! 4 for frequencies from 2^ \ 
GHz /to 14 GHz, -and antenna 'diameters from 1 to 30 meters. ' 

•How" close can,]^ space satellites along t^he geostationary 
arc?-^ How many satellites can use the' same frequency resource 
within the oEbit resource? ^ Neither the answers to these ' 
questions, jaor even.>-l;he technical, •economic', and sodiaX ' • 
criteria to begl'n.feo analyze and answer t^ie questions, are 
agreed upon. Ideally, the 'intersatel lite spacing could be-' 
. as clos^ as the beamwidths of ^he earth station main, beams • ' 
would permit. , Figure- 4 suggests what that idealT'spacing - 
could be for different antennas,, and frequencies . -gBviously,' ' 
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high as 3 dB, so. the practical limitations o^ the ideal 

llllTT t"^ "^r^ri- ^^^^-"tly, sign^.l/inSrferlnc; ' 
ratios of at least 25 dB are needed. ; * . • ' . 



f?Sm ?n ?n i""^ ^^""^ ^^^^ tHeU/e GHz ban<^ vary 

° 3° "'^ters m diameter. CorrfesponQin^ inter- 
satellite spacings, ideally, vary from 0.44 to' 0.15 degrees- 
latT.T'^ be compared with the present FCC limit^'tic^ of nS" 
more than 4 degree spacing., •, • 



Antenna diameters of circular reflegtors 'suggested for '^V - 
/ -applications m thg 12/14 GHz btfnds have ranged from 3 tl 9 
TdearinS^Lr??-?^ small ^s 1 meter., 4^W;cVr^.pondin^ • 
Ideal i^tersatellite- spacings of 0 . 48 to, 0.17 degrees are 
.nearly the same as the 4^6 GHz band. One sees tha? a 5 
Till ^?nn%f ''"'^ *°^^esponds to a- 15. meter antenna at" 
trSllL;,l^, "^^^^"^ antenna at 2.5' GHz- f^r the "same 

mtersatellite spacing-. Limitations for intersatellit< 
^S^E""!^? tu ^^"^ -^^"^ complicate.d by the al£ 

to both the Fixed- -and firoadcasting-Sdt^lite ServiXs for^ 
Ic? SS^k./^JLf the issues being addressed in th^- 

•FCC Docket 2(3465 m preparation for 'the 1977 WARC. vlnter- 

Sf^iii l-^^r^""^ ^'^F'^lso be a major i^sue addressed by 
th6 FCC Fixed-^ateri.rte- Advxsor.y Committer f^Dr ^the 1979 

The ^numbe?^-~satelli1:es in orbit' corresponding to bKe 
aforementioned inter§a%ellite spacinas. -if all i-h^//^^ 



^^^^.u ^ ^- , ii^® spacings, if all the>l(deal 

-earth stations -and satellj^^^e identical., is i6.3!5itrated 
/)/ruf^^^' ■ popular 4/66Hz:and'. 12/1.4 GHz^Lnds. At 
4/6 GHz, the percentage of. the optimuiis-,o^bit resourbe under 
' SJJ^"" r o o""^ ^° I^resent technology controlled" limits s 
nn^i^^- percent when . express ed^ in" term§ of the 

nmiiber of. satellite systems. Economic and 'laarkef factors 
3'- '^J^P^^^!^^' "'os^t obviously Expressed- by the" que s- 
^lon^of the .cost .of 585 satellite systems in opbit, each" ' " 
ha-Yiifg a. number of earth . stations with 30- meter, diameter' 
antennas. , > ' .\ 

The corresponding situation' for 'the '12/14' GHz bands isi 
.comparable, although the options are more difficult to 
express because of Fixed- and Broadcas^ngr-Sateiute Service" 
Sharing..- -Remhart's' analysis provided the nuiAbers in figure " 
5. The percentages ar|» in the 4 to 8 percJerrt^ range although 
the number of satellite systems could vary fr'dm extremes. ■ o^f 
9 .to about 37." • , • ^ . • 



The reasons for. such small percentages of utilization form 



a long ll'si^qf technical •limitations, aition^^ 
tant beingV 



the more impor- 



o Satellite station keeping accuracy. \ Present ITU 
rul^s require +1 degree of 3,ojigitude with +0.5. 
'degrees of longitude encouraged. The Canadian 
dqffi^stic satellit:e ANIK was reported .to have main- 
tained ^0.05 degr.ee^'Of longitude. 

o Earth stati6h pointing accuracy. Without adaptive, 
automatic position sensing and corrections, limita- 
tions are imposed by the pointing t^cJbniques, antenna 
>. i^size and* design, etc.* The ANl!K satellite system was 
4^* ,:^^orted to jSave^ fearth station pointing accuracy of 
pi "013 degrees irms. - - ' 

Satellite antenna. -pointing accuracy. 

o B'^^h station and" satellite antenna patterns. ^ 

Afe^ual antenna patterns for tfie main beam, and ^even 
more so for the sidelobes, differ considerably 'from 
- the, ideal. .CCIR recommendatipns currently exi^t for 
"standard" patteriBs to use for antenna sidelobes in 
interference ^^ifni^ considerable 
fiiLffefence of'.opinion exists , here, including -the- ' 
ques4Dion* of overly restrictive CCIR requirements^ . 

o Noise figure limits of rec'eiversi ' ^ 



o Ih.t^rference power llimits. The lack of ideal antennas 
fences consideration' of ho^^'much interference can be 
tolerated betweerf an<i among satellite systems which 
share the same orbit and fijequency 'resources.;. The 
lijfiits depend on factors such as modulation,' power, - 

• bandwidth, application H:elephone, television^ 
data)^. digii:al encoding^ if used, error cgntro^ ^ 
Qoding.,. .ate* Unfortunately, many of tl>e existing ' 
limits are bas^^ on sub^jective rather .fej^n objective 

'p"erformance mefisuremetits , and are notjft^ely; agreed 
• upon, , ' ' . - A 

c. ' , ' • ^ ^ ^ \ 

o if Bandwidth limits- of receivers and transmitters. 
These are not very sharp ^and lead to vulnerability 
.J:p' or sources of interfe^rence signals which otherwise 
'could be rejected.- ' '* * . 

- 'Atmospheric limitations. The srgnaljs from ^ the earth 

* stations ,and satellites iriist pass through the earth '.s 
atilfesphere and weather conditions. ^ The most ^eripus - 
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Figure 5. Contiguous 'J.S. orbital iesource of "88^' ''Y'S''''^^^'i'' 
{eartn Bta-tion antenna elevation' Xngl'eS; ' ' ""-'U^, "f'T^^ 
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greater than 5 0 Thfe Idea-l .cases sMbwn 
here cannqt be achieved 'in ,practi(?6'. The ^ 
shaded areas represent the state of- the arb.**''^ 
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limitations arise from rain, which can attenuate and 
scatter, in different dijcectioris, the signals. Rain 
. ^* also increases receiver .noise for earth station 
/ antennas and reduces^ the ef f ectiveaess of int^r- 

ferenbe discrimination techhique&'-'such ^as- cros^ ^ 
polarization. 'While not overly serious' at 2^5 GHz 
and 4/6 GHz, atmo^heric limitations cannot be', 
.A. ' ignpred at 12/14 GHz ahd .a:bove . ' ' K . ^ 

Obviously, the situation illustrated in figure 5- is mis- 
leading in the sense' that the optimum use of the resource' 
cannot really be expected. , The .closer one^get^s to 100' . 
percJent, utilisation^ the higher 'the co3ts become^ - It is . 
fair, to ob'SerVe^ though^,, that figure 5 illustrates ^)erhaps . 
th^ maturity of tTie technology and' places *into perspective 
the statement that "the technology at 2. 5.^ GHz, 4/6 GHz, and 
12/14 GHz is available for^ satellite. telecommunications 
Numerous system tactics (frequency Interleaving,, crossed- 
polarization, crossed-lieam, ^etc^ ) and equipment techniques 
(modulation design, coding, sidelobe reduction on antennas) 
are known, but J-t is guestibnable as to whether the tech- 
nologies have/ advanced to be of /much, help^ without large 
increases in .cost. ' ' • - , - ' \ 

'GEOQRAPHIC RESOjjRCES^^' ■ 

'Often overlooked-v.^he . limitations of 'edirth station sit^s 
caused *by the physical proximity o€;antTennas operating dn 
the saifte frequencies cannot'. be ignored. In' the -f requency^r 
acllocations shared with ^terrestrial radio services, antennas 
foj: both satellite and' terrestrial stations ape- Avolved. ' /■ 
This isvthe case in the 4/6 GHz bands. - The 12/14' GHz b^nd f 
involves only stations for 'satellite service. At the present 
time, U. S.* domestic satellite -common carrier earth station*! 
sites exi$t near -locations such as New York, Chicago^ DaliaW/ 
Lo^ Angeles, and 'San Fitrancisco. • The actual^ earth, station ' v 
locations, \however,;^are soiftewhat tem^ved from, tfie center^ of . 
each metropolitan area.' Xhe' Westq'rn Union earth station for 



' the' Chicago area i^^fctjCTSflly at Lake Geneva, Wisconsin^ 
^ \ about 65^ miles ^^^^^^^ 9^ the.GJTty center. The proposed 



h,>2^*2^a^ satellltfeyin the 

a<io af^'a'l^ at Haric^^X/, Illinois, about 135 miues wesi 




kgo af^'a ^'s a% Hanojipr,. Illinois, about 135 mi'p.es west *^ 
•of*' the city center. , ^ ,* ' * ' ■ . « ^ ' ^ ' 

The asipect of sharing- desetves additional? comnynt., at .t^iis 
pointy • Satellite'^^coiapiunications have always^^m^'' to sjiaije 
the frequency resource with terrestrial, stations • 'While ' . ^ . 
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sharing does Ifead to practical problems,, it provides a 
crreater utilization of the resource..- ' The magnitude of the 
problems of sharing, • however , must 'not be. taken lightly. 
Numbers for 1974, for example, indicated that 16,620 ter- • . 

^estriaL microwave radiorirelay frequency assignments had 
Tf'^So^!^- United States, for the 3^74-2 GHz band, with 

11,820 in the 5^9246.42^ GHz band, share|8k^ith satellites in 

..the popular 4/6 GHz band. The number or such' assignments X 

^has increased considerable since then- and continues to . 

-increase. , / 

Applicants for e'krth -station ^ite.s' in 'tfie 4/6 Gfiz and 12/14 
.GHz band^.are requireci bj^^Part 25 pf the FCC Rules to sub- 
.mit, with their applications the contours of coordination 
distances for each earth station site": The coordination 
contours bound the geographical area within which microwave 
facilities should be analyzed in detail With "-respect to 
interference. The size of some of^ these contours, can be 
substantial. Figure 6 was ptepared . f rom the AT&T Applicat- 
ion foj; a^omestic Communications Satellite. System as amended 
June 8,- 1973, and the 'Satellite Business Systems (SBS) 
Application for a Domestic Communications.* Satellite System, 
December, 197-5. 'Thes are^s involved are not small. • The^ ATS?" 
sites involve "30 meter diameter antennas whereas the SBS ' 
sites will have 5 4nd.7 meter diameter antennas for 12/14 
GHz, .communications. - . * 

The^existin^ .^d available earth station sites in the U. S.',^ 
as in any country-p^represem: a Resource. This resource is 
not 'independent of the frequency and orbit resources pre- 
viously .discussed. 'The ear-th station geographical' site ' • 
resource also ^dependS' upon the technical characteristics "of 
tne satellites an$J earth, station, both within -a system and 
.fpr other systems. Unfortijnately, it is^ , an. expensive and ' 
•time-consuming endeayor- to select an 'earth station site just 
for proposed systems. To-do it from .the point" of view of ' 
defining the national resource which might, be available, 
even ideally, in >tch frequency 'allocation, may not' even be 
feasible. 'One may never knciw what percentage of the. re- 
source is not in usf because of technical, economic, And 
regulatory timitatifons. V " 

SPAC'E SUPPLICATION^ BOARD 



In 1972 the Space Application? Boa'rd '(SAB),. ^National Research 
Council of the National J.cademy of Sciences, was' f!)rmed to 



7 .-. 



Frgurej<6. Earth Station Coordination COntoura for 

,^ , the AT&T Op-meter, antennks)" and the 

; *' SBS (5- and 7-ineter antenna) Domestic 

^ ' Communication Satellite Systems. 
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•So?V on"" Nation's space capability might be put to . 

^eoSt^in ^Q??^ pressing problems. With^thei^: most recent 
finSJ^Ki^ t J'- ^^^otical Applications of Space Systems, the 
Board brought up-to-date their* earlier report (1969) on 
satellite 'te^lecommunicatibns. . - ' ry-^-^^^^ ^9 

The Spaqe Apglications Board observes : ■ - V ■ , 

expected that many of.the next .'important applications of 
. satellite coiMunications will'be in the public area — applications 
'•coS 'n''."' the-.trovdsion o£ new public; services or ofi^^r^S^t^ 
- oost-reductions^or cost avoidances in the ^eiivery-of presenr. ' 
public JSrvices. Adequate technical and 'economic exploration aAd 
t^itmg of such services, however, .will take considerable time and 
rfioney, perhaps will require markedly different technological ' 
. -approaches than those now in hand or I^ging developed, "^nd m^'y not 
be easily accommodated in all cases 1^. the ^Nation's present comnion . 
carrifer network. Eufther important progress willtake place at an' 

• -e«ly moment only if cS'rtain difficulties that' no^ 'inhibit^<i5.dened 
i uses 'Of satellite communicatiohs ar6 appreciated and' steps takeh.-to 

minim^.ze them. ~ . j • ' 

''■■'•] ' '■' ■ ■' I ' ' * '' 

• III ^ ,=°«™^_|cial sutQe^s of,sat^llit^'commu|ii(iations in. 

tne, past, ae cade has led^some,to conclude recently that all further 
required progress c'an be left to private' ^dustry^ alone 1' Cer- 
tainly, ^he private s-ector v/ill explpit and refine the present 
technplogy, and will improve the efficiency and,^in time, the ' 
quality, bf services- currently provided. But the private sector cai* 
do so only at a-pace dicta^ted by its own perception of the character 
•and. size of the marksyts and in a mannejr consistent with present 
Y investments, capital resources, and thp present character of thfe ' ' 
I aerospace and, communications common carrier industries. ^ Corfse- ' 
\ . qufently, the private sedt-Sr will*fMd^t difficult - perhaps even 
.a impossible in the near term — to suppo^rt^ iajorlsophisficated * . 

technological advances, especially when the te^^ological risks are," 
.. great, when the eventual markets are not cl«ar,- when only the broad ' 
public g0od IS involved, or when the present institutional and 
regulatory framework does npt e^asily respond. to new service needs 
or new technological .approaches'. . . * ■■ „ 

" - . • ■ . . V , > 

'• Many, of the telecommunications services envisioned -for the future 
would be enhanced, expedited^ and made m6re generally available. i%" 
usep terminal. equ:^pmen.t wefe^mali; lightweight, "'and easily oper^t^d 

• and maintained by non- technical people, and'' the sexvice costs were ' 
low. Achieving the^e' ends miy well require the development of njuch 

.more sophisticated spacedraft than the ones now envisi.S)ned,^nera- 
tion in electromagnetic spectrum regions significantly highe£/\n' ' - 



frequency than 10 GHz, innovative te^chniques for transmission and 
dynamic circuit ailopation/ and cost.- conscious terminal design. 
Federal research tod 'development in, these fields should complemetit 
thatiof Industry ^ * , 

J^t appears to the SAB that i^^ch of the next decade's activities in 
the satellit^^:x>mmunidations area will be aimfed at the provision of 
new domes|:ic Services and that a great deal pf research and develop- 
ment will be required — next only of a ^technolggical nature but of 
a m^ket- ^'nd- service-related natiDre as well. CdMSAT's experience 
has demonstrated that satrelldte telecommuni^cations technology can ' 
provide circuits of great reliability, range, capacity, and flexij . 
bH^itiy. Xf the market for/publig service cpmmunications is iarg^ ; 
enough/ circuits could be (provided at relatively low. cost. To ^ 
estabp-ish whether there- is a large market '*f or public^ service communi. 
cations, however/ w^l requii^e that telecommunications scientists ^ 
and engineers ^rk. closely iiith potential telecommunications users 
such ^s teacher^/ public officials, doctors, and bity planners, . 
over ^long^ enough peifiods of time and with enoi^gfc thoughtful jLmagina,- 
tion ^o jjpiat all can ascertain jiow, to what* e:ctent, and under„wl{atLL 
ciflTCuinstahces, telepommunications- could be used to assist, in the'' 
provision of public and private services? in» a demonstrably -sound. 



Lc .an,d ^ acceptably . fashion 

yhe Eoard recQ:^fendsJ - ^ - — ^ . . 

\ _ " .> . - ^ ' ^ . ^ \ - ' \ 

\that greater strpport be/given by alj of the federal ^' ' 
(^epartmehts and agencies to those research, cfevel- 
-^pment and other activities required to explore ' . / 

new. waya^ of fusing satelAlte telecommunications^ to 
improve, ytb allow increaBed access to, and to , ^ 
^. reduce th^- cost orf '^o^^i^ing -public services. The 
J!f)f fibe 6'f?^7^1ecoinmunications Policy^hould lead in * 
^def inin^^nd^'establlshihg such.*support cind in , 
encouraging *4?^^|F^V6j^^^^^®' initiatTves (as it 
has iit t)^e '<r^<>exi^^ a public service satel- 

^ lit^e consbrtitij^:'^ jiell* 

Because such research^ptSl development ac1:iviti«s will involve 
detailed study of comd^x, sociaXv 'economic, organizational aind 
Unstijtutional arrangemqjits, the/ Boatd suggests" tiiat they be t^lanned ' 
with >great care and involve ail of the professional discipline^ cuid 
governmental^ commercj^l .and ^industrial - ski J.ls* needed .^JP^ their 
satisfactory comjuct*.: V - * • ' * ' ' / 
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. To avoid such difficulties as attended ;the move of< the ATS-6 
satellite to serve India, satellite telecoinn\pnications circuits ' 
should be made available for the relatively long periods of time 
inherently required for public-i^e 'e^cperiments. l/\ 

% ' ^ r ^ ' ? 

The committee on Satellite Communications, of the Space 
Applications fio.ard. National Jlesearch Council , ' h;*?; 
redenffly been meeting to,^onsider the 'r^l^'. that, the Pederal 
Governinent should have 'in de^lopmefit of ^^tellite communi- 
cations.* A^epbrt is planned to Ife ava'ilable toward 4he 
end of 1976. It is our "assessment that ijidustry' ar^d user^ . 
* groups can play 'an importafnt role heice.. - ^ c / ' ^ 



■t 




r 



, — - / » ^ 

jj/ National Academy of 'Sciences, Practical Applications of 
Space Systems y 1975. ' . it , 
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2. Present Status 



In 1962, the Communications Satellite Act established COMSAT 
...In 1965, the Merican Br©ar5casting-.Co. requested RCC per- * . 

, mission to laurich^a domestic satellite for TV broadcast 

purposes. During 1968-196? -the. President ' s Task Force on • 
, . . Commu'nications Pqlicy ' recommended^'^a cautious apptoach' to 
satellite communications developmeat, centered on COMSAT 
*rhis was^rev'ersed in 1970, with ,a policy q^ORen entry in 

\ ther domestic satellite ' coiTmiunications\field. The FCC, in <■ — 

i±s Seqond Report and Ordet-o-f June 1972 ,'. approved the . * " / 

begmnifig of domestic satellite communications for the i 
United States. ' • , . , . . j 

For contrast, one .must ' note that there are over 178^ ter- 
'restrial communication telephone companies, in the United 
States with plant assets "in excess of"$84 billion, operating 
revenues greater .than' $35 billion, and over I'million em- 
ployees. AT&T an^-its operating companies .serve' about 82 . ' * 
. percent of -bhe t;j|lephone subscribers .in theJJnited States, 
but only about' one- third of the geographical , area.' GTE and- 
its operatirig companj,es serve about 8>percent. of the. .telephone . 
subscribers, ^d. 11 other holding companies and independents 
ser^e another '6 percent. ^ - - ^ , 

• ■ ' ' < ' ' ' . ■ • . 

- The^ domestic and- international telecommunication satelljLte 
^ industry has emerged from demon st rations' led by NASA, DOp, ' * 
V. and industry. ThesQ programs established the potential of 

• ,satellit:es to provide conventional ,v6ice telephone service . "/ 
and television relay when operation? are imbedded in common 
carrier systems. The Government R&D investments have helped 

' bring about the INTELSAT/COMSAT system and the U. S. Domestic 
.Satellite Common Carrier 'industry . (U. S. DOHSATs " reviewed 

• below) in additi^on to U. S.' industries ;Which supply satellites, 
earth stations, modems, multiplexers-, etci, bo'th domestically 
and internationally.^ This research ,and development, and the 
tesulting industries and products, are uniquely based upon a 
technology of large earth s1;ations, and, broad antenna beam 
satellites withHlow power transmitters which operate, in the 

4 Gaz*and 6 "GHz frequency allocations (4/6 GHz b^nd) ! ' . 

^NASA sponsored the SYNCOM Program' to 'demonstrate the fiifst 
use of ^pmmuriicatibn* satellites in geostationary orbit. 
These satellites quickly '^replaced lower altitude communica- 
tioi^ Sateiri.te'^ techniques. As a recent (1975) NASA Task 
Team,report has. observed: , / • 
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Prior to the -demonstratiin of^sincom II in 1963 there was conceBf^ 
expressed by prestigious CQfnmunications organizations that the ^60 
; millisecond, tin^e delay inherent in communications via synchronous 
satellite would^e unacceptabre t^d telephone users. Although tfarly* ' 
experiments with simulated time Relays' were conducted, a demonstration 
Of a working satellite was necessary to- convince skeptics of th&h 
superiority of synchronous satellites. ' . . - ■ - " ^ " 

Many, other tephnical doubtis wer;e 'expressed about ^^'e ability of 
maintainiftg a satellite precisely" in its orbitaV-position, a.ccurate 
pointing :jpr attitude control; building a -satellite lightweight ' 
enough fo; the avaUable launc^i vehicles; and on the reliability" 
and lifetiifle In qr^jitt * . ' • . 'oi/If 




For perspective, ^ it .sKduld'^ be" noted that tests were made 
the RELAY satel-Iite'with added delay tq stimCilate a geo- 
^J^^iJc^''^ satellite .path. These tests were not. conclusive.' 
in 1965, tests were-made on the Eajply Bir<^ satellite, 
•Usteninf M:ests--with^ call-back interviews,' which showed tMt 
customer acceptance was not negative. ' These tests .were ^ 
under the steering' coiranlttee , direction o/ tKe. FCC, DTM? (pir- 
ector of Telecommunications Management) 7 OT&T-,- NASA, COMSAT ,*• 
and various European organizations. ^ ' , . , . • 

I?ite;rnati6nal frequency allocationsVfor. Qdmm'unications^^ • 
-^fi^^P-^^^^ ^-^^^ ll/l4 GHz- band and the 19/28 

GHz band as noted in section l.-; There kre no operational 
systems m these bands now, but .experimental 'satellites and 
some plans for use of the bands currently exist (INTELSAF 
and European satellites).' . . ' ^ - . t 

Table 2- was prepared to summarize gi,s> best as can be deter- • 
mmeva, the cujfcnt status .as^ of- July' 190^. Long-rar®e * 
research prog^s involving satellites, such as tm Lincoln* 4 
Labs, MIT, LEW through LES-lO satellites', have not "befen ' 
included. Th^AfS-6 ba'ckup satellite,' which was < in "flyable ' 
.storage,"- i6 being transferred .from NASA.' t(3* the Air Force 
and Lincoln Labs_ for cfonversiori , to L^S-<10'. • • * - . ' 



i . 5/1 . 6 GHz ' 



The first commercial satelUte serving -merchant ships is ' 
COMSAT Generaf's Mari'sat, which. is now in orbit. More than.. 
200 ship terminals^ have been built Tfs/ Scientific Atlanta alid 
Digital Communication Corporation for COMSAT General. The 
l;5/1.6 GHz pair will provide uplink- (ship-to-satellite) a&<l 
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S'abie 2\ Fixed-Satellite '$ervice' Systems as of July\976 



T. 

Uplink \ 
Frequency 
GHZ . t 


1.5 




5.9-6.4 


7.9-8.4 


14-14.5 


W 7 

14-14.5 


>- 

27.5-30 


30-31 




OownlinK 

Frequency 

PHz 


1.6 ^ 


2.5-2f.69 


3.7-4.2 

4 


7.25-7.75 


10.95-11.2 
11.45-11.7 


11.7-12.2 ^ 


17.7- 
20.2 


20.2-21.2 


Present ' 

'Satellite 

Systems 


Marisat 
(Maritime 
. Satellite: 
COMSAT 
General) 


ATS -6 


•ATS- 6 

Intelsat (IV 

and IVA) 
ANIK 

WU WESTAR 
RCA SATCOM 
Indonesia 
§5fmphonie 


DSCS II 
^SXynet 




CTS 






•Satellite 
Systems 
in 

Development 


Marots 




Marisat 
I taly^ 
\ Japan « 
Intelsat V 
Telesat-2 


DSCS III 


Intelsat V 

European - 

(Orbiting 

Test 

'Satellite) 


SBS ^ 
Japan - 
(Broadcast 
Satellite) 
Tele sat- 2 


Japan ■ 
AT&T - 
(Beacon 
Test) 




Satellite 
Systems - 
Future 
Plans 


Aerosat * 


4 


Arabian 
Brazil 
^ Iranian 


AFSATCOM 








.U.S. DOD • 



** Marisat, AT&T COMSTAR ' , 

The USSR Statsionar satellite operates with Uplink frequencies 5732-6225 MHz and^downlink 
frequencies of 3407-3900 MHz. Satellites for Indonesia, Italy, Jap^n, and other countries 
outside region 2 may operate on different freqiienci^ than ^ those shoyn above. 
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downlink (satellite-to-ship) conununications. * The satellite- 
shdre station conununicati9ns^ will use the 4/6 GHz .band. The 
-Shipboard equipment consists of a 1.22 m^ter diameter 
antenna, receivel:, transmitter, and platform stabilizer to 
compensate for . ship motion. Including other terminal ^ 
fl'^i?!?®"^ modems, the- terminals cost $37,000 with a 
-?3,0Q0 installation charge. Thiff 1.22 meter antenna has an 
Ideal beamwidth of about 11.2 degrees and its main beam 
would Ideally intersect a '.geostationary orbital arc segment 
of about 9.6 degrees. , ' ' 

2 . 5 GH;z " • ' ' *' . " • . * 

■ . . • ' J ' ' 

' °P®"^^oj? in this band, is characterized by well-developed 
technology and relatively little, interference from propa- 
g^ion anomalies — specifically, rain attenuation. The 
last NASA Advanced Technology Satellite -iATS-6) provided a • 
satellite t;echnology demonstration which had the follov/incr 
^oals: . ~ . ^ 

o To demonstrate the feasibility of^ ^e^loying a 30- 
foot diameter parabolic antenna in space., 

.: o provide a satellite witl% advanced pointing, 
' ♦ tilting, and ti-acking capaHiiities.' 

,> °^ * , ' * 

'o/To provide an .<^iented, stable spacecraft platform 
at synchronous altitude foradvanqed technological . 
experiments (approximately '20 such experiments). ' 

Included in the experiments -was a Satellite Te'clinoiogy 
Demonstration which* utilized appr.oximately .130 low-cost 
($5,000) grourjJa stations for receive-only /^ownconvertei:s and 

^ antennas distributed across 23 states (including Alaskan and 
Appalachian experiments) . - The antennas built for the 
Westinghouse earth stations were 3 meters in diameter. The 

^programming Was limited to health and'feducational experiments 

The ATS-6 satellite was moved over India tc\ demonstrate the 
. effectiveness of such a system to promde mean^ for educa- 
tional programming to be delivered to some 5000 villages. 
The primary attribute of this satellite system is the 
relatively high- ^tellite power available ^t the ground 
texmirV^ls, resulting from the moderate (15 watt per channel) 
power, and the large sat'elllt^ antenna, resulting in the use 
of the low-cost" ground terminals. The satellite is sched- 
uled to be returned, to this country in, the fall of 1976. A ^ 



consortium of user (nop common carrier) groups^, the Public 
Seryice Satellite Consortium, has been forjned to plan fos^ 
the effective use of this 'and other ^satellite services. tJi^ 
design lifetime of the satellite is €vo years; however, ' ' 
. experience with other (ATS.-l and A^S-3) satellites launched 
several years ago .shows that a longer life'time hag been 
experienced, but is not to be expected. ' 

At present, advanced concept siTudies are under way which 
might 'identify this band for satellite disaster warning as ' 
a public service,. Preliminary stqdies of/ satellite communi- 
cataons .for mobile services are in progress. Alternative 
, expei;iments are planned fori the 12/14 GHz bands /for educa- 
tion' and heaj.th-care services on the Communications Techno- " 
logy Satellite (CTS) dist>ussed below. • 

4/6 GHz , • . 



This IS the downlink/uplink paix'o£ bands in which the • 
IbTTELSAT- satellite series (I to IV-A) , the Canadian ANIK, . 
'and the.U. S. domestic satellite common carriers have begun 
operations. Power .flux density limits restrict satellite 
powers. Within the United^States, use of the 4/6 GHz band • 
I^as neicessitated location of earth .stations away from urban 
areas because the 4/6 GHz allocations ate. shared with ter- 
restrial conpion carrier microwave systems, which concentrate" 
in the urban' areas. While this separation distance solves . 
the interference problems, the satellite terminals require, 
terrestrial networks to connect to. customers with resultant ' 
increased costs. Further, the expensive 30 meter .diameter 1 
earth stations must operate at sufficient- traffic capacity " * 
in order 'to be economically feasible^ thus limiting the , " - 
market applications to coHunon carriers who -.can - Aggregate and 
concentrate ciist^omer traffic. 
. ' \ 

Many of the current and planned systems are listed in table 
2. The INTELSAT XV and Canadian ANIK s^ellites have "12 
active' transpond^s (40 MHz bandwidth each, of which about 
34 MHz or 85 J^cdnt is used). The ANIK^and WESTAR 'sat- - ' 
ellites are nearly ^ identical and are -versions of t)ie INTELSAT 
IV reduced in size \for a smaller launch vehicle. 

\ 



INTELSAT 



This global system hate four operational .satellites fogatid 
over the Atlantic, Padific, and Indian Oceans with- a spare 




at each location. As of July 1976, they' provide inter- 
na€ional communicration service ^to/ over' 136 ground antennas '^ 
at^ about 108; ground station sit'es in 73 countries, - These 
statioais represejit /an investment of at leagt $0.5 bijLlion. 
By 1^78, tfiere will be about 200 ' such grounH,,antennas 
ranging in size from the standard 29.5 meters down to 9 
meters. • / " ' , ^ - 

I-NTELSAT also provides communications jDetweeri ppints Within 
a .country 1 They are now providing domestic ser^ice^ or soon . 
will be, to. Brazil, Algeria,^ Norway, Nigeria, Zaire, Ma.laysia 
3pain/ 'Mexico, and .the United States (Hawaii-main4.and) . 

IR 1975,. INTELSAT and. COMSAT gross revenues \^ere on the 
order of :$100 million and $145 million, respectively, 
investments- in new sate'llites,' whichV involve on the order- of 
at least $270 millipn for just the space, segment (6 INTELSAT 
IV-A satellites), must "be made consistent wi^th expected 
revenues. Experimental satellites to explpre the viability 
of new. services for whic^ future revenues are not clearly 
identifiable ire not economically feasible. ^ 

INTELSAT and /COMSAT have used narrow satellite antenna beams 
(IV) and frequency re-us^ ^(IV-A) on the same satellite. 
Digital 'TiherD i vis ion Multiple Access technology; Single 
channel per /carrier. Pulse code modulation/ multiple-Acess 
"^Demand aa^signment Equipment; and single channel per carrier 
techniques were developed by INTELSAT member countries • The 
number # t'ransponders was increased from 12 on INTELSAT IV 
o 20 orj INTELSAT IV-A. 

The INit^LSAT V satellite series is now in jjrocurement • It 
wilJL u^e both the 4/6 GHz and the 11/14 fJHz bands, but not 
the GHz band, with bo.th dual p'oJ.atdzation and frequency 
reusei' ' <U . ' 



TELE SAT 



ihiM" organization with the ANIK satellites has provided 
domestic communications service* to Canada since early 1973. 
The. space segment has two operating '.satellites, and one 
^p|re, transmitting to 3 manned* stations, 7 supervised 
stations; and over 60 remote earth S'tations. 'Antennas range.; 
inf size "from 30 metei^s for heavy route statioixs to 4.-7 | 
njeters forvrempte television reception s.tations. TELESAT-2/ 



/ 



the next generation satellite, will be a ^multiplfe band ' ' 
satellite with transponders for both 4/6"gHz ariH ^2/14 GHz 
operations, the Canadian government has guaranteed *to 
TELESAT^that it will pyrchase the 12/14 GHz- capacity. RCA 
is the satellite 'contractor. ( * 



Western Un ion 

WeSTAR became the first U. S. domestic communications - 
-satellite in 1974.- Two satellites in orbit, with one ground 

spare, provide data, voice, and video leased private line 
.service through 5 earth stations with 15.5 meter antennas." 

Earth stations afe located near New York,' CWcago, Dallas, 

Los Angelas, and San Francisco. \ " 

' < • - . 

RCA GLOBECQM/ALASGOM ' 



\ 



This organization has 9 existing earth stations, which have 
been operating with transponders leased from existing satel- 
lites- SATCOM-I has' now achieved ^geostationary orbit and 
will soon,p>covide the space segment. RCA plans to add 12 < 
standard and up |^ 60 small earth s'tations in 1976. Re- 
cently/ a new wholly-owned subsidiary palled the RCA American 
Communications Company was established to own and operate 
the RCA domestic satellite, system. -I^ is a parallel activity 
to RCA Global Commuhicatioas, which will continue to be 
i^eSponsible for overseas communications, and RCA Alaska ♦ 
Communications, y/hich '^providfes RCA communication services to 
Alaska. - ' • . 



American Satellite Corporation 

Ajneriean Satellite, Corporation Iqasea its, space segment, from. 
Western Union. It operates 3 cominon carrier and 5 dedicated 
service earth Sitations with 10 meter antennas. In addition 
it built 2 stations ^for Dow Jones ^and Company, wl^ich trans- 
mit (Jata from Masssachusetts to Florida. Eight more, earth 
stations to serve, 20 cities are jblanned. 



USSR 



The Soviet Union,' because of its Northern locatipn and 11 
time zones, employed an elliptical 12-hour synchironi?ed 
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orbib for^ the <^9lniya- sateUj-te .system. The orbit* allows 
three times, mbre satellite height fo2:^a given launch' vehi^l^ 
and gives about 20 hours , coverage perwday. ■ The Statsionar, 
the first Soviet synchronous satellite, is* used for domes ti<£ 
television distribution service to small terminals.. 



*AT&T, COMSAT, GTE 



A U. S. domestic satellite communication aysrtem i'S planned 
to provide message ±ele*communications^ service (MTS) / wide 
area telecoiftniunicatiohs service ("WATS) , and service to the 
U. S'^ Government", Private^ line services are excluded by*the 
FCC for the present. Three geostationary satellites oper-- 
ating at 4/6 GHz ar^ planned to serve the 50 states, Puerto 
Ri'co, and the Virgin Islands. Each satellite would, have 24 
transponders of 40 MHz bands, ''with +33 dBW effective isotropic 
radiated power at beam 'edge. A single antenna betam* would • 
cover the contiguous United States. Satellite positions at 
93 degrees, 119 degrees, and 128 degrees West iLbrrgityde were • * 
re<^uested. The information presented here is based ox\ th^ 
original AT&T 1973 briefing to the FCC with som$ minor 
additions.. COMSAT General \^11 provide the space, segmel^ (3 
Satellites ;Lji orbit, 1 gi^ound spare) and lease to AT&T and*. 
GTE. The f irst^ COMSTAR satellite was successfully launched 
ih May 1976. ^ , ^ 

^Each satellite ha^ the capacity of 14,4^0 two-way telephone 
channels (1200 channel'^ frequency division multiple^^frequency . 
modula.tion -per transponder-) , or ^4 one-way television chan- 
nels FM channel per transponde'r) , or *1, 072. 8 Mb/~s^ digital 
capacity (24 channels of time division multiplex-phase shift 
keying) at T-3 rates of 44.7 Mb/s eachj . CroSs-polarization 
will be used* Reliability objectives are uninterrupted ^ 
service for 99. -9 percent of the time. Satellite station 
-keeping goals, are 0.1 degree in both longitude and latitude. 

Seven ear-yi stations are planned with^30 meter cji^eteri 
antennas fsteerable). The^ 3 dB t>eamwidtKs are 0.18 degrees 
at 4 GHz and 0.16 degrees ''at 6 GHz. The planned locations . 
are\: ' ' , • . . ' " . ^ 

New. York (Hawley, Pa. ) . '3 antennas (AT&T) V 

Atlanta (Woodbury, Ga. ) 2 antennas . ^' ' 

Chicago (Hanover, ^111.) , ^ '2 antennras " 

San Francisco . (Three Peaks^^al.)- 2 antennas 



^ . ' . . • % ^ 



II 



: Los Angeles (Triunfo Pass',- Cal.. ) 3 antennas (GSAT) 

. Tampa (Homosassa, Fla. I . - 2 antennas 

Honolulu <Sunset, Hawaii) ^ " 1 antenjia 

The Los Angeles, Tampa, and Honolulu ar^a aatth stations 
will be built by GTE^ 

• AT&T sta±es in its application for its -domestic satellite 
communication system, which it refers to>as ."the System," 



In 1976 ^the System will have assrgned, to it the equivalent of 
a9,10p mastergiroup miles 'of terrestria:^ facilities , in the' con- 
tiguous states. ' ■ ' 

The present worth in 1976 of the equivalent terrestrial costs for^. ) ^ ' 
the- years 1976, through 1982 is $258 million,' exclusive of revenue ' , 

•from transponders used to ^connect the offshore points to the Main- ' • / 
land and for Alaskan intrastate services ' . ' 



Thus, ^:he 1976 present' worth of the System's annual charges for the 
period 1976 through 1982 is $230 million. Clearly then, th'e System- 
j will constitute an economic benefit in the provisiip of AT&T's 
telecommunications services. 

Th| cost 'to COMSAT for the four satellites , launch vehicles, 
fend associated -launch costs is estimated to be $182.9 million 
This IS recoverable- through a lease rate to' AT&T of $1 3 
million per satellite per month. ' * ' 

The installed cost of the' seven earth stations (4 AT&T 3 
■ '^^V ^-^'p^'^^i^g fifteen antennas and associated electronics, 
land, buildings, supgiprt equipment and -connecting facilities 
IS, expected to.be $76;7 million. 

, ■ 

/ Satellite Business Systems , 

.While initial operations are planned for the 4/6 GHz band, 

Business Systems (SBS) will be discussed under ) 
\ the 12/14 GHz heading. " — ^, 

10. 9'5-ll,. 2 and 21.45-11.7/14.0-14. 5 GHz 

• ^Atvpresent, no operations appear to' exist in the 10.^5-11 2^) 
. ; GHz and 11.45-11.7 GHz downlink bands for international * . 
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telecommunications. The INTELSAT V. satellite series' and the, 
.European Orbiting Test Satellite ar^ in \he planning stage 
and will operate in- these bands. ^ 



' 11. 7'12, 2/14.-0-14. 5 bHz ^ • 

y . * ( ' « ' ' ' ' , . * , 

There is SjQ power flu^c density limitation in this band,' so 
that high power satellite signals may be received with small 
'(2-3 meter) roof-top antennas at the custoni^r's site. Direct 
point-to-point satellites for electronic mail, packet- 
switched data, facsimile, educational, health, an^ social 
services pan benefit frpm t:he- absence of shared terrestrial 
services in the 12/14 GHz band. These applications are 
under consideration but the technical and developmental 
risks of a 12/14 GH2 small earth station venture are not . ^ 
minor. " ' , * T 

. * * * 

. ' Commun^ica^Eion^ Techn6logy 'Satellite . ^ ♦ • 

. ' ^ 

, The first satellite to operate in the 12/14 Gfiz band is, the 
Coramunieations Technology Satellite (CTS),'a joint project 
q;f NASA and the Canadian Department of Communications. Its 
j50 dBW equivailent inotropic radiated power (200 watt or 23 - 
dBW t^^ansponder) wi^ll be the highest power transmitted so ^ 
far from space, and will allow the use af 1 meter- receiving 
antennas., **Tl|fe experimental satellite, With two antenna 
beams, is in <^bit. There are 22 earth stations with ^ 
antennas ranging in size from 9.1 to- 0.9 meters. The 0.9 \ 
meter antenna is used for voice reception and transmission, 
with larger antennas for television. - . ^ 

The objective of the CTS project is to advance the state of 
the art. in spacecraft and related ground-based technologies 
relevant to future communications and other satellite appli- . 

' cation systems. The principlal, technological objectives 
th§ project are to conduct ' Experiments with 12 GHz terminals 
and. to test (a) a super^ef f iciency power tube having greater 

, than 50 percent" efficiency at a mi^munj output power of 200 
watts and operating at approximate^^ 1^2 GHz; (b) unfurlable 
solar power arrays of over 1.0 kW 4^n-itial capability; (c) 
liquid metal slip rings; (d) an electrical propulsion system 
for spacecraft station-keeping; and (e) an accurate Stabiliz- 
ation system for spacecraft v/ith flexible, appendages. 
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On«-ha^f of the. available transponder time will l?e available 
to U. S. experimenters. NASA has been delegated as- the u " 
3^ agent for the Canadian Department of Communications., 
•which operates fefie CTS satellite; and NASA will select U." S 
experimenters for- participation. Fifteen American experi- 
menters mvclving apgiroxima-tely ' 160 earth station"^ USj. ^ 
receivel only, 29 . transrai^t/receive) have been approved- by 
'NASA tbl acce-ss CTS. Public Service Satellite Consortium" has 
53 ^station applications.. A 'total of 104' earth stations will 
be licensed to entities of the pri^Mte' sector and 56 will be 
authorized by OTP and oper3ted by one of several Federal 
Government agencies.. Deployment of these earth stations is 
to fealce place over the -next 1^2 months (Order' 76-74 5'8 FCC 
2d- 345 (1976) ) . , ' ^ , 

"Westinghou^e Cqmiiiunications Services, Inc. has applied for 
^au^thdrijty to' construct and operate an experimental earth 
statipn) near Baltimore, Maryland', and Lima, Ohio. It will" 
consist* o^ a dual-linearly polarized 4.6 meter antenna 
(steerable), a 500-watt FM transmitter operating in the 14" ' 
^GMz range, and a receiver in the 11. '9 GHz range or 12.1 GHz' 
rangei ■• . • ^ 

^OMSAT filed an application to construct and operate earth 
s.tatiohs near Clarksburg,. Maryland, and elsewhere. It; would 
.cpnsist of a 4.6 meter -antenna with dual-linearly polarized' 
feed, a 20-watt frequency . modulated .transmitter, and a- 24- 
foot r|odified boat trailer t>n which the antenna, t^ransmitter, 
apd receiver are mounted. Subsequently, <fcOMSAT also applied 
,fGu;^authority . to construct and. operate a transportable 
experiment a,l earth station at various ^her unspecified ' 
locations throughout the continental United States -and 
Alaska. • This- Roroposed' eaj-th station will consist of ■ a 1.22 
metet par^^olic antenna mounted on ta commercial trip£>d ahd 
associated 20-watt FM transmitter and receivers.' 

^ASA filed four separate applications, with ^ OTP ^or authority 
to cgnstruct and, operate experimental earth" stations sjt* . 
various locations throughout the United States.- - 

(1) ^ Goddard Space Flight Center using a 4.6 meter 

, antenna and a 3 meter antenna with associated* 
. * transmitters and receivers. ) 

(2) Rosman, Tracking Station in North Carolina 

. . u^ing- a 4.6 meter antenna and ^.1.6 kW frequency 

^0 * modulated transmitter in the Same 14 GHz range. 
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(3) Lewis Research Center in Ohio — using a. 4. 9 meter 
antenna. and a 1.6 kW FM transmitter/ and associated 



receivers . ^ 



(4) Ames Laboratories in California — using a 3 mete^ 
parabolic antenna and a 1.6 kW FM transmitter. 

Another NASA applicatidn to OTP concerns* earth stations at 
various unspecified loca'tioiis throughout the United^ stated 
and Canada, using a standard horn antenna of 17 dB gain and 
a 250-w^tt FM transmitter. • 



.1 



\^ Satellite Business Systems 



Satellite Business Systems (SBS) — h partnership sponsored' 
by COMSAT General Corp., IBM,, and the Aetna Casualty -and* ^ ' 
.Surety Company —'proposes to .provide 'wideband, .switched,-' 
all digital transm'ission services (voice, data, and image)., 
using the 12/14 GHz bands with 5 and 7 meter antennas. - The 
intention is' to locate ♦the earth, station at the customer's 
site. The available high' power satellite technology (^00 ' 
wa^t transponders) of CTS is not planned for. the SBS^atel- 
lite. 'They plan \q use ^0-20 watt ti^bes. ^ 

.The SBS. system is intended. to serve organizations requiring 
.lar^e communication n'etwoi^ks with heayy and dyn^amic loads 
using Time Division Multiple Access (TDMA) demand assigned 
techniques, without interconnection to the terrestrial 
cqmrncn carrier network*. SBS* has a6ked the FCC to authorize 
Phase I operations^ on leased transponders in the 4/6 GHz 
• bands to help develop tetihnology. Sev^ 4/6 GH^ earth 
^ stations are planned, with the first: two/^ Poughkeepsie, 
New York, and Las Gatos, California. 

SBS plans /two satellites in orlpit (lJ/6 and 122 .degrees ^est 
"longitude)' with a^ground spare," estimated'to cost $119 

million. Each'satellite will have 8' transponders (61 MHz 

spacing with 54 MH2..or*88.5 percent use^le bandwicith) , each 
. .with*20 watVs power output. Satellite orbital station 

keeping in longitude and latitude is estimated as fO.OS^ 

degrees. Delta 3914 launch vehiclej^ would be used. Total. ' 

estimated system cofets are $250. 6. million to August 197^ 
".when commerpial operations are expected tp begin. More 

,reC(sntly, SBS has furnished the. FCC with estimates of $235.5 
^-million costs from January 1971 to the s-tar-t; of, commercial 

operations^ a^id total estimated costs to the end. of 1986 of 
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* , ' * 

, $406.9 million. SBS hasal^o stated that market demand is 
. estimated to require ab^ut 190,00'0 voice circuits and 7,500' 
earth statiions bif, 1985 in the United States. S«S plans ^ 
growth of their sijstem from 78 in 1979 to 375 in 1983. - ■ 

, orbital spacing between S%S and the CTS satellites is recom- 
mended as- 6 degrees, with spacings of 3 degrees-possible' ' 
between SBS satellites. The CTS de%ign life* of ,2 years is 
expected to expire, before 1979 operations. The' system . > 
capacity objectives are 328 Mb/s per satellite (41 Mb/s'per' 

■transponder).. Link availability objectives are 99.5 - 
percent ~ planned for a bit error rate of lx-10-4, or 1x10-7 

.if'the higher -performance option with-forward error control 
IS selected b^ the customer. The SBS earth stations*; 
planned for unattended operation, would have a minimum of 16 
voice-grade access ports or one high spged (56 Kb/s or ' 
gre'ater) da.ta,port. Variable TDMA "time", slots" will &e~ 
assigned at each-earth station. , The 5 meter antennas .will 
be^used m SBS region 1. • .(The , satellite, coverage area is. 
approximately bounded by New" York to Jacksonville, -Florida, 
. to Little ROck, Arkansas, to Kansa? City, Missouri, to' 
Chigago, Illinois, to Detroit,, Michigan, to^ New York. ) 

; The. 7. meter antennas will be in SBS. region. 2 (most of the' 
remainder of the contiguous -United" States) . Estimated .costs 
of. -one typical unattended earth station were $474,000. 
■Total system grouhd Segment costs -for 37 earth stations wete 
estimated as $24.7 million ' ($668., ODO average^. . Customers ^ 
will have to make some modi fi'dat ion ^to existing data commun- 
ic^tion terminals because 6f the SBS system characteristics 
and;the round trip delays due to propagation time.. 



/ 



OTHER 12/14 GHz SATELLITE EARTH STAI^icNs'- , ' 

Inasmuch' as the ATS-6, the first broadcast satellite -for ' 
small 'antennas, gives' excellent TV "reception with 3 'meter' , 
- antennas aC '2.5-GH2> many of these terminals are being-, 
modified for use with CTS witl\ a special- 12 GHz to 2.5 GHz 
frequency- converter. CTS will use antennas as previously 
noted. The^Japan Broadcast Company has d'evelbped an inex- . 

; pensive _conversion_kit ($350)' to enable individual TV *set 
owners to receive Erectly from tl^e Japanese Broadcasting 

^ Satellite- (planned fo?r about 19,78 raanch) . West Germany is 
developing a 700 watt .satellite . transmitter .for l^.GHz, 

^ which" could broadcast to .1-meter antennas. 
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19/28 GHz 



AT&T is investigating the 19/28't3Hi band, and this step 
includes transmitter beacons on -the 4/6 GHz COMSTAR satel- 
lite., .^he beacon will permit more exact ftieasurements of 
f2:equency dispersion, rain, and propagation statistics 
throughout the United States. AT&T and Bell Laboratory 
management ai;e seeking paf'ticipation of others in these 
measurements since they will , not operate more than a dozen 
test .sites, l^es^; data would be exchanged' among all partici- 
pants. AT&T pl^b to use high powered, narrow antenna bealn 
satellites at 1^/28 GHz, with large earth stations to achieve 
99.99 percent^reliability and high channel capacity. 

Japan is having a, domestic communicatiofis s'atellite built \ 
(in the United States) whicli ^is expected to be launched *^ear 
the end of ^1977. In addition to ppeirations in the j4/6 GHz 
band, it^£n^ gave 19/28 GHTz band transponders to cover the 
four mai^^^^^^ds/of Japan. ■ * 




MILITAIiYSATELLITES 



Th6 satellites developed' fbr DOD applications have require- 
ments for operatiqfi in different frequency bands and for 
secure communications .with high survivability in hostile 
environments. The Defense Satellite Communications System 
<DSCS) is the main program with DSCS-III under development. 
FLTSAtCOM is another system to piiQvide communications 'for 
ships and aircraf t , . with AFSATCOM to proyide subsequent 
communications with aircraft. The. DOD satellite programs 
are working with iadvancec^ technology which "will eyentually 
impact in the commercial satellite -communication equipments. 
TliesQ include a miivltib'eam, low sidelobe, ele^qtronically * 
steerable antenna with* multiple feed horns and an RF lens,.* 



TkSNDS 



In any assessment of the present status of systems and 
technology/ it^ is important to identify trends in the . 
performance-^ and costs of systems and their v^omponept parts. 
,Such assessments ^^ist ' and were available^ but trie scope t)f 
this ef fo):t di^d not^permit inclusion of useful ^summaries 
here. ^ ' v ' ^- - q " 



OTHER 



iLn^ ^'^^t the Wate of Alaska has purchased 

single channel per carrier FM small earth stations (on the 

Zn^"" V- ^ """^^ ''^^^ $37,000 each in quantities of 

.100. This figure does not include • installation . A 4.57 
meter Andrew Corp. antenna was used with California Micro- ' 
wave and maghes- Aircraft terminal equipment. ^ 

L 

The Satellite Working Group ~ a user consortium which 
includes the Corporation for Public Broadcasting, the Public 
Broadcasting Service (PBS)-, and iqational Public Radio — 
recently announced plans to use- the Westero Union WESTAR 
satellite for distribution of PBS television programming. 
Collins Radio Group was selected to pro\^ide 165 receive-only 
earth stations af a total capital co&t of $38.4 million 
which includes a master origination terminal ($5 million) , 
five regional two-way terminals for regional origination 
(?1.25 million), and an. estimated termination payment to 
AT&T, which provides the current terrestrial distr^Lbution 
($1.1 million). Costs for the receive-only earth stations' 
. average $188,000; .... 

.Within the Unit'ed States, for CATV application as an ex^ 
. ample, video /earthy terminals are off-the-shelf for the 4/6' 
^GHz band; Scientific-Atlanta and the Andrew Corp. ha\>6 10 
meter video receive-bnly terminals for about $65,000, although 
the installed cost may be as^ h'igh as $100,000. Smaller 
earth terminals with 4.8 meiTer antenna^ cost around $30,000 
for the equipment. Small earth terminals ar,e also-ivailable 
from other U. S. manufacturers, such as Aeronutronic-Ford 
and California Microwave. 
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Table 1 



EDUCATION AND TRAINING 



Telecommunications Capability 
Loui Broadcast TV 
Hagefstown, V.d 

Indiaita Univer stty . 

UnivefSiiy of Florida - CENESYS 

Ft Hood - Central Tex« College 
BrttttA Open University 

New Telephone Features 
University of V/isconsin 

yan Machine totef action 
Kecsier AFB 

Ft Monmouth. N J 

Ohio State University 

'r 

USMA. West Potn( 

Univ ot lltmois - PLATO • • 



Oar-tmouth CoUc^e ^ 

Stanford Unrversity 

TICCIT.^VITRE Co'P under 
NSP Spon«o.'s^.o • • 

Ft Oc'\ninj J,■^<^ Ft Cjrun 
individu^t Li4rning>C«nters 



offers a f<fics of spcctatucd courses m th« 
sciences not otherwise'avjiUble due to 9 Utk 

Of St4(f 

presents acdit courses for Qr«duate ^nd under< 
graduate students well 4S continuing 
professiortfi education courses 

Keeps professionits abreast of technoJogicat 
adv«nc« «r>d retrains industrial employees 
for industry productfon ch4(V}es 

broadcast of soc>o>09y '"<^ business cogrses 
from Cchtral Texas College - ' ' 

offers university level courses to adults who 
coutdn't otherwise attend a university 



educational programs presented as live or 
Xi^e^ lectures followed by questions, 
conferencin^^possible 



basiC electronics training course 

t 

Army basic electronics course ^ 

teach economics and English to individual 
, students . 

assist in teaching courses such as en^netring. 
managcrocnt economics and math 
drill and practice and student directed 
inquiry programs on courses from el6 
mentary to post graduate levels^ 
provide siOdents at remote locadons 
witb problem solving capab-h't/es 
computer assisted instruction from ele 
mentary to university levels 

' courses in freshman and remedial ^rtath 
and Er>glish 

self>paced individual mstructionln most 
areas 



Systen> 

CCTV 

CCTV ^ ^ 

CCTV with talk^^ capability 

post Atv interconnected to CTC stud»o 
broadcast televisior^ to targt adult populatton 



telephone network liniiing hospitals, campus 
arvl^urt houses 



' t.^ncoln Trainir^ System: interactivt 
computer, audio microfilm display 
tlustered minicomputers with 128 interactivt 
display terminals ^ 

IBM computet arxl remote terminals 

Hpneywcn H635, time s^are term^mats. 
^teleVihters and C^^T, CCTV 

^ plasma paTiel interactive terminals and 
tomputer f*. » 

computertima sharing, special software 
l«n^age called BASIC 

medium-s«e o^^puter. CRT and type, 
writer keyboard 

intecacjivecolor television arvl CAt 
cours^wt ^ 

slides, video cassetUs and other material • 



Student performance improved wtth use of television, program bc^ar) 
in 1956 and has expanded to other disciplines. 

System operational since J96^ has opened up new chanriels of com", 
munication to othr universities and between colie^ administrators. 

iProgram operational over eight years and has awarded over 200' 
advanced degrees, industry uses program to foster protcisicnal 
competence and remain coryipetit>ve. 
Students-can get credit tor cour.ses taken at home 

Pilot program currently under study • 



^System b«gan modestly but has exparvled to include many different 
credit courses and professional courses 



Basic electronics tramirvj time/educcd 37% 

Intpal trial, demonstrated reduction in training time by 20% Ptoto 
typfrtvaluation of new system scheduled for 197$ 

Self paced and student initiated instruction, excellent campus 
acccptartce ' ' , * - 

*' ' 

Ongoing tmce 19G2, cadet education in problem solving Ind^data 
processing applications " . * 

Program has value js an educational tool, but cost per student 
ter>nin^l hour is Ki^er ;^an cohventronal methods Use of plasma 
panel aims at reducing costs « r - , 

With an easy to Icjrn language, students from mjny disc piines can 
use*computer, slower students can also productively use computer 

CA\ is a great aid m quality control, repetitive work and in i^i^dual 
(earning situations , , 

)To urylcrfjo evaluation at juniof colleges in Arij ind Va 
Enp^rtbing to other Atmy troop posts 



Source for Tables 1 through 6: • 
The Mitre Corporation, "System Defial-tion 
III - Appendxqes (Fort Huachuca, Arizona 



rty Wired Garrison C-E Design/' Vo^Luirte 
U*^S.^ Army Communications Command, July 1574), 



Table 



HEALTH CARE 



JtitcotfrnunKHXions Capability 
Locat Bfoadcatt TV 
C4ti( Medial TV Nfclwofk " v 
U HospiUl TV Nitwofk 

Ga Rc^onat Medical TV Network 

Network for Conltoutn^ V.edicai 
Education (New York) 

Silcm Hospaat (Saiem. Mau.) 



Nebraska Psychatric Institute at 
Omaha and Norfolk Sdte Mcntai J 
Hospita: 

Aiaikan S^teUitc Network 

New Te»epf?one Featuret 
La Hoip«UI TV 'Network 

Man Machine tnter actton 
V/iuonsin Medial Center * 

UotM. of Wisconsin Medical School 

Activated Pattent (Geor^t / 
Washington U.) 

Army Medical Outpali«nt System 
(AMOS) ' 

Btth Israel Hospital. Boston, Mau. 



^ Desk to- Desk Paper ^ 
NYC, HeaUh Service Admin. 

Boston City ^^pspiUV 



transmit medical prosrammmQ over cduc TV 

eduatipnai programming for m«dtai , 
professrom 

live programming to various mcdiai v 
institutions in the mcUo Atlanta area* 

.Video transmissioo cf biweekly medical 
iourr^al 

ipstructional TV for patients, especially 
' bed-rtdden patients 

^staff eduation and psychiatric consultation 



transfer medial info, seven days a week 

^ eduational programming for rriedial 
profeisioru * 

, immediate information on medical subtects 
for use lb fmcrgenaes 
source data automation of patient medical 
histories 

self-help and preventive mcdictne for people 

paramedic training and patient screening 

patient mtervicwt for primary diagnosis . 
and dispensation 



transfer of patient records and medial tests 
between facilities 

link phyitoan in hospnal and nurse 
praaidoer at nu/sing home « dtagr>osis 



System 

eduationa! TV broadast ^ , 

statewide microwave and local CATV 
of South Central Bell 
2 channel ITFS llftstructional TV'Foied 
SefvTce) System 

east coast microwave channels connecxed 
with CATV systems 

CCTV . ^ 
2«way CCTV 



voice link through NASA ATS-I utelliti 



improvement on telephone cable systems 
for broadband TV distribution 



upe library accessed by utephone ^ 
keyboard and CRT device 
interactive TV 
" or^e CRTs to interactivt computer 
interactive terminals and computer 

facsimile ^ ' 

> ^ 

-telephone and facsimile transA^ission 
apabitity 



Muiti-Medu Teleconferencif^ 
Mau Gen Hosp. - Logan Ajr^rt 

Medinav (U^. NavV) 



telediagnosis and teieconsultation between 
hospital and airport 
interactfve telemMicir^e for modiatly 
isolated units 



two*way souod and picture over microwave 

black ar^ white TV^ elphanumerics and 
graphics, store and forward transmiuion 



Findings 



/ 



Program folded due to administrative, cost ar^ scheduling d.fftculties^ 
Ongoing since 1957, program has spread into many different medio/ . 
institutions * 
Limited to line of sight cove^-age, but* relatively small costs due to 
use of ITF5 network 

Positive physician accepuncc; more than 1.000 doctors receive 
program; in its third year. * ^ 

^^igh patient acceptance for interesting programming ^ 

Ongoing since 1964. program has served as a model for many sub- 
sequent efforts. Achieved greater apabtlitiesand staff morale 



Project began m August, and is in Operation to 



Ongoing since 1967, programs allow better %xchang^of information 
between medical professionals. 

24-hour service available all over the state. 

Saves physician timc.^ Upgrades wS standard i2es|nediut hi^tor^;^ 
recor'ds.' * , 

Sustained ^udent attendance ir^Jiated students )perceiv«d.course as » 
~ meaningful. r • ^ 

Positive patient acceptance, more efficient treatment, paper based , 
system tjemg exparKlod Army wide. 

Computer failed to improve effKier^y of diagnosis k)Qve|he level 
of a^well trained health aide. Computer has been eliminated 

Proposal would reduce ynit service costs by 10 to 30 patent. 

. Project reduces demand on hospital emergency room and offers 
24-hour, seven-day. orvall physician service. Difficulty m 
measuring quality of m^ial care. ^ 



Working system since 1968. Picture great help i/iji^iagnosis. 

Program aims at soh/ing rising medial costs, medial isolatiqfi of 
missions and short fall of physiciins due to end of draft. 



Source ^--MITRE Corp. / 
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Table 



Tetecommuntcjtiont Capabiiay. 
NYC. Health Servtcct Adminmrttton tclcmcdicine for netshbofhood pediatric * 



Mt Strut Koipital. H Y.. N Y. 

NASA Tel«care. Houston 

U. of Alabama School of Ocnttstry 



Masi.Gen.Hosp « Bedford 
Koip 

Vt ~ N H Medical Network 



ccf^ef t and nearby hospital 

teictontuttJtion between hospitals and 
neighborhood cltmcs 

full duplex communication between 
emefgency technician 

dental sur^ry training cor>ducted^ usin^ 
moniton 

psychiatric diagnosis by teleconwitation 



medical conferencing on t vanety of fjekjs. 
iprtch. therapy, psychiatric consultation 



2, V (concluded) 

, I ^ ' Syjtem 
2-way CCTV facsimile '\ 

i way coaxial cables with TV terminals 

telemetry of patient vital itqhi - 
SCI Systems.' tnc, Houston » 
interactive aud»o«vidco transmission 



2'way sound and picture with videotape' 
playback 

mter active television by miaow^e 

\ 



f 
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findings 

Proposal would reduce unit service costs by 10 to 30 percent. 

Nurses can now handle 60% of patient cases at-oppos^d to 25'30\ 
before tlleeonsultation capability 

8a^ on NASA technology, 28 rescue vehicles are equ5>pedtvith 
units. 

Economizes on instructor time, a number ^of procedures can be 
monitored concurrently, students instructed without patiJnt 
' knowledge. 

System increases sharing of professional opinion. Video playback. 



Conferences hekl 4 times weekly; well attended. 



i 



Squrce:^ MITRE Corp* 
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TeteeommunicMiOfts C«pab«lity 
Loc<l Broadcast TV 
^lew^rk. J. 

Hartford. Cono 

Rttton. V«. • " 

V 

New Tekt)*>or>e Fenufcs 
Louisville. Ky . Cari->-Msrt 

S«a«jnento. C«M . 
Store>to<Ooor Inc.* 

Cor^ Sprin^t. FU 
R»ton. V» 



Table 3 \\ 
PERSONAL' COfif^fUCATIONS 



Use 



X System 



Fiodin?* 



S«a«mento. Ceiif.. 

LouifvJle. Ky ^ 

Multt Medn Ttleconfgrtnonq 
Centtf for Polrcy Rweveh. N Y.C, 
Project Mmerv* 



f >rst>rvn moVies offered rft hotel roorm 
«t • price <^ 

f If jt run movies end sports 

«« 

tax filing assistance, electronic mail, I 
enteftemment games, etc 



»rv-hom« shopping via computer 

irv-home shopping via compter 

ail electric home with intercom and 
outside telephone links 

intersctive game playing a/Sd tcx filing 
assistance 

in-home shopping vie computer 
»n home shopping vi« computer * 

eicctrontc town meettng \ 



CCTV with cogputcf reflbteriog biU; CQOverttr High successful system «f pay TV on CCTV or CATV, system wiH be 
tounscrembleaignil ^ v' expended to other hotels. ^ 



broadcast TV: converjer. 



Poor consumer penetretlon; project closed ef ter 7 years due to 
fjnenaif losses. Recent lyst^n^ are mofe successful 
Technology readineu demonstrated. — ' « 



computer with microwave link, push-button 
phones, video tepe recorder. T'wey voice ^ vtdco 



computer .tehi^one network with third party CommerdaNy sucorsstgl ongoing program, initial membership limite<J 
r«M^«w^«« — (»mHies:overcomei warehouse problems 



conferencing nvitti keypunch 
computer.telephone network 



System cipsed due to software limitettont end warehouse probf^ms. 



telephone and intercom switching networks ^ Kitchen end bedroom command post allows tllephooe ai^ intercom 



4 



pu^-button phor>e ehd computer 
computer-telephone network 
computer telephone .network 



3-way conferencing by telephone and 
.television 



communication throughout home and to outside telephone (ml 



technology it ready. , 



Interaction with comipyter file; other tiroject limitations doted 
system down. * ' ^ ^ 

Commerciilly lucctssfuf ongoing progr^. 



Greay community partictpatton and commun»cition. 
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Table -4 



7 



Telecommunrcattom Cspabtltty 
Local BroadMit TV 
Ft Hood & Ft. Poik 
Colorsjo $prtnp^ Cok>. 

Rfttdn.Vt. 

P»*f lomville. V» » 

Rcijpn^Va 
Qunai^ooga. Tenn. 

Phtlad«tphl4. Pa. 



National Sctcnct Foundation - 
Stockton. Calif. ^ 

Joruthan/Chatka. Minn. 



COMMUNITY- SERVICES 



Ust 



rtguUrly scheduled TV rnfofmrion progrtm 

wttkly TV magazine to dcmonrtrtte com- 
nHinity organiiation activities 

wttkly "conjumer intef ejt" $how 

momhfy "consoper information'' iheW 



interactive information fequett i on 
community tervtcts and news . 
>nt(tactive infomiation rcqottts on 
community service agcnciet 

information and referral of social 
ageocy d'lents * 



^^jQjxttic^re^ieval of municipal scrvi^ 
information, schedules and 

eoroumer experiences m education, home 
security, opinion polling. Entertainment, 
information retrieval and ddtacommuf^ 
cations. 



System < 



tecalCATV 
local CATV 

.kxal CATV 
local CATV 



cofhpvjer, MICROWAVE CATVjpuii- 
button phone <■ 

17 remote >/ideo-keybOard terminals 
connected by telephone Uoe to central 
compOter , 

remote keyboard terminals enter diertt 
info: computeMearchet files and miket 
refcnal 

interactive television accessing computer 
resource via 2-way CATV 

2-way Interactivt CATV 



/ 



Findings 



Easier personnel adjuttm^nt jo a new bate. 

Good au^^fM respdnse. ^ 

Positive conwmer acceptance warrants continued programming.- 

Encoursges rogisirat;on of edrmimer complaints; justified 
contifMMtten of prograrn. ' 



Projeet led to great^ imcrest by aocal-science community in'the 
near term Impact of communicattons^lectronics. 
System very helpful In ttreamlintog operatiom of local human ser- 
vice agendts; will eliminate duplicated cf fons aivl reduce admints* 
tratfve costs. ^ 

Programoptrateionywflybud^ of $32,000. Model Cities feefsV ' 
the system is one\f th« c^ntry's best. *•% • J \ 

Multimiltton dollar denttihstration system funded by NSf * 

Pilot program currently cmder i^udy. , V » 
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^ ' ^ . . ' Table . 5 : 

SAFETY. & SECURITY 



* Ttleconimon$cation*Capafeil<tv ' u,^ 

Local 3roadcj$t TV 

Mt. Vernoft, N Y round itxe clock surveiilanci of two down. 



r 

§yttem 

remote control^Jow Ii9ht level. »tt weather TV ^ 



town mtefte«.on, „ p^,j^ ^^^^^ |^ 

# 

tejephoni ind intercom twitching nttworki 



New Tclgphone Features 
Coral Spf »r94. f }» buffifar and fire aJvm 

Oe^k to Oeik Paper • , ' * . . 

Colt. Mew. Canf • d.cUt.on of report! with full ed.t.ng control d.cuphohe word pfOcess^ofl xiio^^x tanks 

^'<i"'y•fr^o^t\octUon ' and automata typewntefi 
Man Machir>e interaction " * • 

T TutuPohceOept computer search of m.aof.lm f,f« for > . computer controlled m,crof.lm itoraoe and 

cnmmil «u$pecti viewing lyrteni 

Sl.Lou.tPQl.ceO»pt. auio^natic monitor and d«pl.v of pcl.ce ' min.computer and vl«al»d.ip»av m cenual 

vehicle locafon and rt«u» d.ipatch. inenial navi^atwn equ.pft>ent and 

* , , * radio tranvnrtterj tn the vehic»e» 

^ '•rea'^ burglar alarm ten«>r»m)2 , ' tranjm.ttir, and «mor, ,n each bu.ld,^ 

"^"•^'P^'^'^''^^"^ ^ ^mpuler to decode alarm »«jntl,;»ftWare 
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Fjndingj 

Operational s.nce 1970. system has led to a Jower crime ratrand 
^•Sher arrert rate in neighborhood 



Family hai ability to Kcets emergency help through tpecial switch- 
ing from phone qr intercom teirnmal. 

System $ucce«ful cosiwite. eccepted by the officers, allowt a 

security for Indtvidual officer reports. . - - ^^^^ 

Succe«fully'operated; provide* a more efficient and secure pro- - ' * 

cedure-fof checking friminal record!. * ' * • - 

Reduces elapsed time from receif^t of call for help to the arrival of 
policeman at the scene. * * ^ *' /' 

Some tedinical problems, lyst^n^'shquld be o perationff early thie • . 

year, ' > " is- 
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Teiecorwnuoicationi C^pabilitv 
Lpgii Bfoodcjit TV 
Wortd'Tr^Je Center 



Nrw Telephone Fejtufw 
Swiichtns Teiephon« 

pe$V 10 Dc^ ftpet 
VS. Army ^ ATCAP 



Table . 6 
ADMINISTRATIV 



Use 



System 



m f inal'^l^imrtg stage, tefwnii will ^t«w film ^ult» pair cable. 12-biJtton tone generator 
& videotafid materiai ttottd tn lr\formatK>n (or program selection, audi&video monitor. 



Graphnet 



Center 



automatic rerouting, add-on conference, 
abbreviated dtaiing . 



direct access to on po^t data procetson 
and local Autodtn terminal 

National Electronic Mail System 



(acumitf printer 



Irequcr^cy division multiplex on wideband 
2-way cable 



variety of user data terminals connected to 
meujge center communicatiorn processor 



store forward'facsimile 



Findings 

Allows both viewer privscy or conferer>cing if destrcd; tenants have 
ability to prepare their own videotapes. 



, Recently developed by CoUms Radio; no real information yet m 
operatiorul situations. 



^eing Jmptemented at 3 Army posts in first phase, eventual Army, 
wide impleificruation to achieve reduced personnel m^Autodm 
message centers. 

Implementation swohing approval by FCC 



Man Machine Interaction 

Minnesota State Legislature 

U.S. Oept of Interior, Bureau 
of RecUnnation 

Redstone Arsenal 



Los Angeles County 



MuUt'Mcdia TeleconforeiKir^g 

Communications^Study Group, 
Univer itty College. London 




Institute for .the Future 



Ptcturephorit, AT&T 



text editing for drafting'bii:! 

prepare technical repJ^lj^ publications and 
speci fication r eports - ' 

prepare procurement documents * 



process and store all welfare applicatiom^ 
payments and cast histories in the county 



conducing experimental and analytical 
studies of person-tb-person telecom- 
murfications 

links separated bank facilities for 
confer erring 

^organue and improve the coUccInc work 
0' «jtp<ty>«'"9 '"^ttS* «fltry. stor^g^ • 
and retne^i ~- 

face^tc ?»ca Veitconfer enc*^ offices. 
«ortt. hospitals "* 



interactive CRT's and WM 370 computer 
IBM word processing center, IBU Magnetic 
Tape Setectric Typewriter & Compf}sef \ 
teletypewriter terminals and cenual computer' 
Automated Engtnecrirtg Documertt Preparation 
System 

150 remote video keyboarc^ terminals in welfare 
offices ar>d hospttals^ leased telephone Imes. 
disc storage and central computer 



Signiflbnt reduction of search and bill draft tdl^ound tiqc. 

Reduced printing costs- bv W eliminated some typing and steno 
help. 

Would reduce cost and time to prepare $pecifiat;on and purchase 
descriptions: purchase document cost estimated at $27 as opposed 
to S500 today. 

Program bttng implemented, attempts to improve overall efficiency 
of county welfare system. 



mylti^cetcd sundard tc;jephone. fa^ 
facsimile and television 



2 cotnmunication terminals, specially^ 
connected microphone, leased liAes 
from^.E. Telephone Co. 
special computer program accessed from 
remote terminals over ARPA network 

'twitched broadband network added to 
' telephone system • ' 



Per ton-t ©.person teleconferencing can be coi\ effeawe, but significant 
human factors problems remain 

r 

Pilot program saves travel time and expense. 



\JS. Geological Sun^ey experiments thow it to be a useful tool. 



Only SOO installations: system and marketing approach urtdei review 
by BttI System 



^ 
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Table 7 

Summary or M^jJ^an Tobecasts 



of Single jinssion 
Average's Vilye Trans-^*-^ Cc^-eci 

of 0"e Conversation jc:i<J?r Tir< 



Avg . r.o . 
oi Trans- 
act. ors/ 

t-Jo, /Horn. 



^ of 

Service 
Hooe 5ub- 

scribier 
expected 

to Pay 



LikViy Vear 
Irtrpdu^i.o^ 



^ Penetra- 
tion of 

Ai: u.s« 



V«lue of Servi^.e 
Average Value After 5 Year*. 
fed:ai of S^rvic*», S/Averac- 'j.S. 
7r jn^n.t $/SvJ5scrib: -ig t'c'e^old/fo, 
Ti-e HcfjsToldA o, (A-. >netraiion 



1. 


Cashless society transactions 


$0.10 


$0,16 


$ 0 40 


/ 0,7S 


2. 


Oedfcate*} ncysp'P^r 


C.IO 


0,20 


O.SO y 


10.00 


3. 


Corputer-ai<!e«i<J|phool instruction 


o.so 


l.SO 


3, so 


30, OC 
f 


4. 


Shopping transactions 










(store catalo9S> . • 


0.20 


O.SO 


l.-OO 


6.00 


5. 


Person- t.o- person {poid worX at hofw) 


0.50 


l.SO 


s.oo • 


20.00 


6. 


Plays and novies froa Video library 


C,60 


2.00 


s.oo 


90.00 


7. 


CoepMtox tJtor i 


l.OQ 


2.00 


s.oo 


30.00 


e. 


Message recording 


0.20 


0.3S 


1.0«? 


3.00 


9. 


Secretarial assistance 


0.3S 


1.00 


3.00 . 


10 00 


10. 


Household nail and nessa^^es 


0.10 


0.20 


O.SO 


2.00 


u. 


Hdts ruil and direct advertising 











siail 

12. Ansverin'j services 

U. Grocery price ll<»t, mfornvatlon, and 
ordering 

ft 

14. Access to ccrpany files 

15. Fares and ncket reservation 

16. Past and forthconinq events 

17. Corrp-.pondrnce school ' •> 

18. Daily calendar and reminder of 



O.XO 
0.10 



0.17 
0.20 



O.SO 
O.SO 



0.20 


0.3S 


O.SO 


O.X 


0.60 


2.00 


0.20 


O.JS 


0.75 


O.IO 


0.20 


0.50 


1.00 


2.00 


S.OO 







appoittr'ef\ts 


0.10 


0.20 


0.50 




19. 


Co?p\:cer-astisted »eelings 


1.00 


2.00 


S.OO 




20. 


Kevspjper. electronic, general 


0 ,20 


0.50 


0.75 




21. 


Adtj«t evening courses on television 


o.e!^ 


1^00 


S.OO 




??. 


Banking services 


0.10 


0.2S 


0.!0 




23. 


Legal* inforeution 


f.oo 


S.OO 


IS. 00 




^ 24. 


Special sales infomitlon 


0.x 


0 .so 


1.00 




25. 


Consumers' advisory service 


0.25 


O.SO 


1.00 




26. 


weather fayreay , 


o.lo 


0.20 


. O.SO 




t7. 


BuSf train, and air scheduling 


0.10 


0.20 


O.SO 




2e.^ 


Pestaurapts ^ 


0.10 


0.20 


O.SO 




29. 


Library access 


,0.50 


1.00 


2.00f 




30. 


ind'x, all -vervices 


0. 10 


0.20 


O.SO 



3.00 " 
2.00 

S.OO 
S.CO 
S.OO 
4.00 
40.0^ 

1.0^ 
30.00 
10.00 
50.00 

2.00 
10.00 

4 00 

S.OO 

1.00. 

1.2S t 

3.09 
10.00 

3.00 



20\ 
9« 

20 

46 

SO 
100 
20 
7S 
60 
90 



eo 

6S 
SO 

eo 
es 

80 
40 

9S 
9S 

60 

75 
90 



40 
30 ' 
20 



2S^ 

7S 

SO 



197S 


;980 


1990 


20^ 


1980 


1983 


•19?C 


10 


i97S 


1962 


1987 


10 



221- 



10 ^ 

60 

10 


25 


1977 


1935 


mo 


10 


5 

60 


1980 
1975 


1935 
1930 


19?0 
198S 


5 
10 




80 


197i 


1980 
1930 


1990 


5 


7 


90 


1975 


1985 


10 


10 


ioo 


1975 


1980 


1985 


s 


2^ • 


7S 


1980 

\ 

1980 


1985 


> 1^ 


10 


2S 


0 


w 

\996 


1995 


10 


20 


loo 


197S 


198^ 


\385 


10 


IS 


so 


WS 


,i9eS" 


^990 


la 


10 


i 


* 1980*. 


1985 


'f990 


2 


s 


40 


1975 


1980 


• 1985 


s 


10 ' 


so 


1975 


1982 


1990 


s 


10 


7S 


* 1978 


198* 


'1990 


s 


2S 


100 


1980 


1983 


198S 


5 


s 


40 


. 1975 


' 1980 


1985 


"s 


30 


75 


1980 


198S 


19^ 


5 


10 


80 


1975^ 


»1980 


*198S 


10 


20 


60 


197S 


1980 


198S 


10 


s 


WO •» 


1980 


198S 


1990 


3 


10 


80 


197S 


1982 


1990 


5 


10 


100 , 


197S 


1980 


1985 


5 




100 


197S 


10?0 


1980 


S 


s 


80 


197S 


1977 


1980 


S 


5 


60 


1975 


1980 


. 19ftS ^ 


5 


s 


100 


1980 


1^85 


1900 


S 




SO 


I97S 


1980 


19 8S 


s 



o.;9 

^9.00 

kT.oo 



S 6.4 
6.0 
40.0 



s i:.s> 

15.00* 
100.00 



$ 1,00 
0.54 
3.75 



2.50 




5 0? 


0.38 


6.50' 


75.0 


250.00 


3.20 


90.00 


20.0 


50.00 


2^00 


6.00 


20.0 


SO. CO 


' 1.50 


2.50 


2.5 


6.25 


0.20 


6^00 


10.0 


"25. 00 


0.25 


1.80 


S..0 


12i00 


0.60 






15 .00 


C.SX) 


1.60 


S.O 




0.30 


4.2S 


s.c 


7.50 


0.26 


3. SO 


15.0 


SOvOO 


0.30 


2. SO 


1.0 


2. SO 


^ 0.05 


2.70 


2.0 


S.OO 


'0.11 


30.00 


20:0 


SO. CO 


0.75 


0.95 


4.0 


lo.co 


0.20 


6.00 


IS.O 


91.00 


0.75 


9.00 


15.0 


22.50 


0.75 


45.00 


10.0 


25.00 


0.88 


0.85 


4.0 


- 10.00 


0.38 


7.50 


6.0 


25. CO 


0.25 


2.70 


S^O 


10.00 


0.25 


;.5o. 


07.5 


10.00 


0.40 


0.90 


« 2.0 


s.oo 


0.12 


1.00 • 


"■r 


l.CO 


0.06 


2. so. 


1.0 


2.50 


0.05 


9.00 


S.O 


10.00 


o.» 


'i.5i6 


3.0 


5,00 


0 10 



f 
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Table 8 



Bni«r Dh-^-nipTio.Ns^or PoTEN-rrAL IIomb Lntormation StRyicfs 



^ ' t 



CAr.HL£SS-SOCILTY T5»ANS\CT!0\S. ftcording oj ary flndrcia', transaccions 
jkith a hard copy ojcpuc to buyer arvi ^clle^. a p^x^ncnt r-cord and 
updAtxnt^ of balorc? in cocputor nyrwry. 

- 4 / 

OEOaCATEO XEVSPATER. A set of paq«a wiVi printcd^and-grftphlc infor»4tion, 
possJbly including photographs, the org,snizat-on o'f which has been prede- 
teroincd by the user to suit his prr;f«rences. * ^ ^ 

Co«r»trr8VAI0CD SCHOOL rNSTRUCTION. At the very vlnii^ua. the ccnputer 
dctercin^s the d^y's assignment for each p«p;il and, at the «nd of the day, 
receives, the day's progress report. At its aosi ca*P^»>^ such a service, 
would use a rcjl-tine, interactive video c61or dl^()U> with volca^nput 
and output andean approptjiate pro<?rja suited to each pupil's pro9ress and 
tctjperaaerjt. 0 

^SHOPPING TRA:iSACTIOM^ (?rc<^: CATA^ysK interactive pro<jra««*, perhaps 
vr}«>-*ssist'c3T "wWlch describe or slx>w goods at rc<iuc3t of the buyer, 
advise hin of the price, loc^ition," delivery tiaie/ etc. 

PERSCK-r>PERSpN (PAID WRX A7 HOME). Switched video and facsinile 
service -.ubstituting for nomal day's contacts of a niddae class twinhgeriel 
pcr'.onr.ol vherc dazly cofttacts are of mostly routine •^ature. .^-ay aAso 
apply to contjictJ with tho public of the receptionist, doctor, or his 
assistant, I 

r > 

PtAYS AND MO'/ICS/ROM A VIDEO LIBRARY. Selection Of all plays and noviA. 
Color And qood sound are requirtiJ. 

COMPVTER TUTOR* FroB /^library of s«lf-h«lp pro^raas available, a coetputer. 
In an interactive node, »ttll coach the pupil .(typically aduZt) In the 
chosen subject. r > 

\. • - ' . 

TiES'iAGE RfCoROINC. , Probably of currently available type, b-j? oay include 
vid'-o Dcoory \^ patient nhowlno doctor the rash h<» has dcvelop<Si) . 

^nCRrT.\RTAr. ASSIi»TA»JCr. written or dictatt>d letters can be typed by*^ 
renotely situated secretary. 

H0U«;e«0LD,maIL and messages. Letters and notes transaittcd directly to 
or froa the house by means of^hooe facsinile jnachine^. _ ^ _ _ ^ 

MASS .MAIL /V:d RtPZCT AOVERTIRINC MAIL. High'»r output, larger-sized, pages, 
color outfit iviy be necessary to uf.ract the attontton of the recipient — 
otherwise s^tailar to itcn 10, above. • ^ 

answering' SCRV^CES Stored incooing txcssages oi^'note* whoa to eaU — 
pot'-ibly cooputrr logic recognizing cnergcncy situation and diverting 
the call ^ 



. rARLS,Aj4D TICKET ft-:s:RVAT;(>N. As pf'Vi.JcJj »>v '.rjy' ' rtstncic-; nov b-K nyi- 
cor^rehpiisive and f^fter. Cheapest rate/. nJor^: or. re^.^^Jini, -j^ 

.*d,ffor^ncc^ betwco- camc-s ^>t^'> rc^acil to ct , n,,'n(,», ttc auy 

available. , * ' 

PAST AND FOPTKXKirx; EVCS'T'. £vent<^. rfatJs of events? and their brief 
description, short previcw^ of^ futgrr theater ploys; and recordings of 
jtpast cvenTs.' * 

CORR£«;pONDEw:E SCllOOr,.- Ta{.cd or llv^high school, university, and vocational 
courses available on rcquevt with an/optJbn to either adult or graduate. 
Course o^ TV, paper «yRX>rt,on facspile. 



a^ix'int.'ncnt^ stored as a progranrc^' 



DAILY CALENDAR AXU RE-MINDER A900T p^INTX-tNTS . Prerecorded special 
appointaents and' regularly oceurrlj 
rcaindcr. ^'i. 

V 

C;^rOT£R- ASSISTED MFrA«CS. 4he/coi»i>utor j^'r^cipates as a partner i/> a ' 
twcting, answering qucstioht of /fact, 'deriving ^rrolations, and extrapolating 
trends* . ' / < 

^^^EWS^APER,,ELECT80NIC^ GBSLRA/. "baily newspaper, -^possibly printed during 
the n;ght, available in tirw^or breaJrfas^. Special editions following 
aajor news breaks. 

* 

ADOLT EVENING COURSES ON tV, ttoninteractive, broadcast aode, live courses on 
TV — wider choice oi sub/ects than at pre5ont. ' 



22. 
23, 



BANKING SERVICER. Kon?y orders, transfers, advice. 

LEGAL iNro^TION. Dytectory of lawyers, conputcrvf cd legal counsej tpg 
giving pt^oijents, rylingstin sinilar casrs, describing jurlsfliction of 
various coorte ahd ohango? of succour ful nuits in a particular area oi 
litic;atlon. * 

PP'^CI/W. SAU.S Inn6kM^TI0N. Any «.,ie- within the distance spec if i«^ by t.he 
_us*»r and for it^s specified by hm wiji b* -fla-.hed- onto the bene 
diiiplay uivit. 

CONSUyfiRS" AflOrSORY SERVICE, Equivalent of Consuner Reports, giving best 
buy, produc/s rated "acceptable**, etc. 

WFATII^'R injREAU. Countrywide, regional foreca-tts or sr>ecial forecasts 
(fdrRCr^ fishorrvn). hurricane and tornado warnings sinilar to««turroiit 
s j>eci a l/Jo recast service^. 

BOS,y*'RAlN, AND AIR SCHFDUIING. Centrally available Infornation with one 
nunwr to call. 



GROCER^ PRICE LIST, INFORMATION, ANr> ORCEhlNC. " Grocery price list is 
used as an exanple of up»to-the*nin'ite, ^updated infornation about perish- 
ablr ioodstuffs, vidc<> color display twy be needed to exAninc selected 
Derchandiso'. Ordering follows i » 

* 

ACCISS TO COi'i'ANY nLE*^. ,tnfomation in file* is'cedrd for security; regular iy 
updated files .ire*Ava liable with cr'^^^-rifrronc-^ nd.c.-tt.ng the codo where 
rorr df^t^iilcd i-nJor-sotion i^ stored. Synthesize aiao ray he aval labl<«. 
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^STAUkA**TS. Following a ouery fdr a typo 'of restaurant (Japanese, for 
/nstanco), reservations, ntnu, prices as shown. Displays of dishes, 
^©cation of tables, cvay be incKidcd. 

LIBRARY ACCCS<;, ^fter an lnter.tctrtve "browJlng" with ,\ ""librarian conputrr" 
and a q«j<>tation for tho cost of hard copy facsinilo or a show-scan viAco 
trans.~is3ion. a bodk or a naga^ine is tran^^^i^t ted to the hone. -* 

IND^y, a:l SERVTCrs SERVED 3Y Tllf, HOMK TCP^^INAL: Includes pric-iS or . 
chargos#of the above, or available cormunications jiervices. • 
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'Appendix E . • ■ • 

. ADDITIONAL TECHNICAL DETAILS ON THE^ * 
STATUS OF FIBER OPTIc' COfWfJICATIONS 



•1. Domestic STATii.q 



{THE COMMON CARRIERS 

Bell ^laboratories, in support of the largest U. S. telephone 
network, ha3 mounted the most intensive and sustained single 
domestic R&D program in fiber optic communicattion .'(FO'C) 
'development. The effort covers every aspect^of the tech- 
nology and has undoubtedly "tepurred the rapid worldwide 
acceleration in advanced R&D. An empirical measure of the ' 
readiness of their systems technology for netv^rk appli- 
cation is the announcement (Bell Labs, 1975; mectronics, 
1976) of their first link tests utider f ield" conditiqns, ' 
started in early 1976 (see table 1). The purpose of the 
experimental systems i^ to evaluate feasibility of FOC for " 
use between AT&T metropolitan switching offices. Cable will 
be installed in existing ducts -and manholes. 

GTE Laboratories, -the R&D arm of the Nation's second largest 
carrier,' is aiso.he^ily committed to state of the art R&D, 
targ'eted at potential FOC incorporation into their telephone 
network^ Plans have been announced {Electronics, J.976) f or ^ 
'ah operati'onal field trial, probably, in late 1976.' ' The 
interoffice trunking link (see table 1) will be employed by 
GTE Service Corporation for Yield environment evaluation of 
FOC concepts and systems^^pofiiponents, especially the optical 
cable. 




ITT, a msijor interrnational supplier to tjie carrier^ Industry,^ 
has committed.a comprehensive effort tc^FOc technology ' 
development. ' ' ^ ^ ' , * ' 

Due to the lack of extensive R&p facilities/ the smaller 
"telephone companies as well as most of the private data' 
carriers are ^lot expected to coptr^-bute substantially to the 
advanced develppmental stages of the technology; but' they 
Should eventually represent an appreciable market for mature 
commercial ha^'dware-* 
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" T^le 1. Representative U. S. Experimental/Prototype Fiber Optical Communicat^ion Systems 



FIR^/AGENCY 



aelX Labs. 



TRANSMISSION 
RATE 



1.544 Mb/s 
44.7 Mb/s 



y 



Pi^TH 
LENGTH 



See 

special 
features 



DEVELOPMENTAL STATUS 



Operational field 
e^ipeiriment (Atlanta, GA 



DATE 
ANNOUN. 



1975* 



SPECIAL FEATURBS, PROPOSED APPLICATIONS/SECOND 
^ GENERATION UP-DATING 



Ruggedized/ 100-fiber cable (600, m length; "lo'op;' 
splicing of fibers will -provide multi-km links); 
manhole and' duct, installation; pluggable con-, 
nectors; miniatuicized, transmitter , receiver* 
repeater mbdUle packaging. Goal: starting in 
early 1976, evaluation for' use between Bell 
metropolitan^ switching offices. 



GTE Labs^ Inc. 



6.3 Mb/s 
(T-2) 



200 m 
(repeater 
at mid- 
point) 



Laboratoi^y test bed 
System ^ 



1975 



Full-duplex opei^atibn^ using a single, graded-index 
^fiiber in each directCj.'on; multiplexing of ^elep^ione, 
picture telephony' and ^bit-error test-~sigr>als ; 
simulation of o^erat^ng field system by interfacing 
with' existing 'network terminal equipment. Modular 
packaging includes connector© compatible with all 
optical components. ^ ^ ' 



GTE Service Corp^, 



1.544 Mb/s 
(T-1) 



Operational field 
experiment • 



1975 



The test will take pl^ce,« using existing links, 
at an operating GTE facility, ^ probably on the West 
Coast. The system, which will use an electronic/ 
optical interface, is designed to prt>ve FQC con- 
cepts and evaluate componefCtry , ^especially cables 
in a field environment ^inter-of f ice trunking) . v 



USAECOM 

Ft. Monmouth, NJ 



2.304 Mb/s , 
(full duplex) 



1 Ton 



Exp. lab. feasibility 
model 



1975 



-{ 



Determination of feasibility of replacing CS-1123 
dual coaxial c^le with 6-fiber ruggedized cable 
for Army long-haUi data trunks. Goals: 2 Mb/s to 
20 Mb/s, up to 8, km w/o repeaters, ^ Mb/s up to 
64 km with repeaters. Replacement 'appears desir- 
able from technical and cost standpoints,]! 



Wright-Patterson AFB 
Contractor : 
Spectronics, Inc. 



32 kb/s or 
4 kHz AToice 
(4 channels, 
full-duplex) 



3/4 



Exp. lab. feasibility 
model , . 



1975 



10 ^channel 
15 Mb/s 



15-53 m 



Prototype multi-channel 
poi/it-to-point sj^stem 



1974 



Determination of feasibility of replacing .CX-45'66 
(26 wire-pair) cable with 6-fibor ruggedized cable. 
, for Army local distribution nets. Goal:' Mixture 
of 4 kHz voice and 32 kb/s CVSO voice^up to 300 m. 
Rep^lacement appears highly desirable "tecfinically^ 
and is cost effec|:ive for paths over 75 m. 

^ \ .J 

Performance evaluation of FOG against other trans- 
mission media under consideratipn for advanced 
military systems. * Features use of connector-pack- 
aged sources and detec^tors and both high-loss and 
low-l6ss fiyer§.» Path length extendable with 
low-loss fibers. Projected up-dating to 100-150Mb/ 



FIRM/AGENCY 
<• 


-i" 

TRANSMISSION 
RATE 


PATH 
LENGTH 


■ 1 

DEVELOPMENTAL STATUS* 


1 

\ 

DATE 
ANNOUN . 


^ * ' * ' *■* • 
^SPECIAL FEA*rURES, PROPOSED APPLICATIONS/SECOND 

GENERATION UP'-DATING ^ < 


Wright-Patterson AFB 
contractor: Hughes 
"Research Laboratories 


10 MHz 


30^ m 
bus 

length . 


»— 

Exp. avionics syst^ 
fi-i^ht tested \, 


w ■ 

1975 ' ^ 

* 


/ 

'7-Port star coupler data bus integrated with Hughes' 
FaultrTolerant-Digital-Airborne-Dat;^ System to 
carry^ f light-cO|[itrol signals . Goal : evaTuation 
of FOC data bus for multiplexed signals in tly-by- 
wire flight control system. ' " 


NASA 

^ • Kennedy Space Ct^r. 
w/contractors : 
•Corning Glass 

Works 
•Harris, Inc. 
•EMR,* .Telejnetry 
■^Coherent Assoc . 

• " 


40(1 .5 Mb/s) 
Channels + 
mix of var. 
analog data, 
voice, a*nd » 

- 


1.8 km 


P^-ototype * field trial 
(incerbldg.J planned^ 
to. be operational ^ 
edtly 1976. 


1975 


Uses 10-fiber armoured' cattle , directly - ifuried 
and/or duct-pulled; overall system^ design includes 
multiplexing on single fibers. Goalt evaluation 
of FOC as potent?ial future replacement for NASA 
(KSC) 'js 4000 km wideband cable^ system. 

1 . 


Naval Electronics 
^ Laboratory Center 

M 

***** 




Total 

da^ta 

bus 

cable 

length 

fr8'm 


Airborne avionics * * 
systems 'evaluation 


1974 to 
present 
• * 


Replacement of 576 m of copper wire connecting 
A-79* aircraft cockpit with avionics bay and tac- 
tical computer with 68 m of optical cable; multi- 
plexing reduced number of' signal channels from 118 " 
to 13, tfgtai cable + connector weight 'frsom 14.5 kg 
to 1.2 kg, at lower* cost. i ^ 




Collins Radio 
( Rockwell - 

Int^ernat'l Ctfi^H*)-*' ^ 

r 

/ - 

# , ■' * 


800 kb/s 
(100. voice 
chajinels) 


0.6 km; 
30* m » 
between ' 
regeh . 
repeater 
' stations 
> 


Prototype interf acility 
digital intercom system- 


,1975 


Full-duplex (TDM -multiplexed) operation with ^ 2' 
optical cables replaosing 200 copper wire pairs; 
design emphasis: low cost, reliability, flexibility ^ 
tot other digital applications: optical sources, 
detectors, cables built into commercial BNC 
connectors. * Planned extension of mterbldg. links 
to 1 km and 44.7 Mb/s. 


• Harris Elecji^ * i 
Systems Div. 


80 MHz 


300 m 


Laboratory experiment 
/ '\ . - 

c 


1975 


FDM multiplexing (usxng».l low-loss bundle) , of - three 

5 MHz video channels, three 4 MHz digital channels 

and three 1 MHz audio channels; modified SMA , 

♦ .1 

connectors; compensation schemes under consideration 
topvercome* LED non^linear ity for improved iftter- 
mcSdulation performance. 


Xerox 

Palo Alto Res. ctr. 


150 Mb/s 


500 m 


^^aboratpry. experiment ^ 


1975 


Single fiber with new-type stripe geometry lasei;/LED 
yields' high coupring efficiency, low pulse dis- 
persion; planned up-dating; interbuilding link; , 
360 m Cable, 6 independent channels. i 


^ITT-EO Products 
•pivision * ^ - 


30 Mb/s 


6.8 km * 


« t 

Labo|:atory experiment 


^ — 

1975 ' 


' ■ ^ — — 

Graded index ITT fiber; ITT "laser transmitter? 
PIN detector* - ^ — 
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S^HB INDUSTRIAL SUPPLIERS ■ ' | 

V,'* , ' " Optical* Fj.bers and Cablas 



Corning Glass Works marketed the -first commerciallv-avail- ' 

in Jddi??dn'tfLtfi' '%^' ""^^^ tradeLr^ SSrgJide. 

intern^^toS-J J domestic market. Corning has announced 
ma^ufaJ^u?2r^ agreements with several wes'l European cabL .^^^^ 
manufacturers, involving' export of low- loss fibSrs. ' 

tvDp'fSf f °K°^^^".^^^^^^°" °^ ^'^'^ has developed several.<>' ' 
types of fibers and ruggedized cables aimed' at militlrJ ^''"^X 

I?? rece'??'"''^''X applicable to con^erciaT maJj^fs'. ^ 
ITT has recently issued i^ts first data sheets detailina a 
line of general-purpose fiber cables (Electronicsri^l) ! 



'Snn^ff^ Cable Systems Corporation announced (in their 1974''^^ 
annual report) the equipping of their laboratory with new ' • 
SeaSJte'for'''^'? of producing optical cable • in'^qua^^iJies I 
adequate for evaluation in future- field teats. • Genef al • 
cable (private colrnminication, telegram" from G-. H. Foot to A* 

t ft 

litl^l^f^^ volume-manufacturers of medium- and high-loss / 
tibers (e.g., Galileo Electro-Optics Cotporation and Valteb 

^^S^r'^T^-S^^^J^^ ''^^^^ Division) are prSduSng f 

It^^t t f^ber.bujidles with Attenuation in thfe 10 dB/^ or 
less region. -New, small firms devoted exclusively tp 
?f f °f^l°w-l^ss,' jacketed fibers are being formed ■ 
te.g.. Fiber Communication, Inc., and- Fiber Optics Cord.). 

^^^^^ manufacturers, .although not pei'haps 
deeply involved m systems technology, offer relatively . 

as. commercial items. Various manufac- 
turers offer fiber-terinination hardwai;e ranging from simple 
end-ferrules to. sophis^ticated multiple-access couplers'.'/ 



Devices 



Intensive R&D continues in. the development of efficient, 
fast-response semicortductor optical sources' (LED's and, 
infection, lasers) and sources (PIN photodiodes and avalanche 
photodiodes) for FOC systems application's. Tlje technological- 
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statu? of prototype FOC systems attests to tlie current 
success of tjils overall effort; and steady progress. is being 
made m further optimization of such parameters as source/fiber 
coupling efficiency, device" lifetime6>ietc. • 

The R&D activities of some device manufacturers are ndt ' ■ 
limited to the optoelectronic transducers but extend to 
development of various stages^ of systems hardware ranging 
frorii integral- connector-^ckaging of fibers and sources (or 
detectors), transceiver modules providing compatible . optical/ 
electrical interfacing, to prototype systems.. Some are 
planning ahead for the rapidly-growing need for test' instru- 
mentation. •• , " ■ 

-Firms heavily committed, to the device field include: RCA; 
Texas Instruments; Hewlett-Packard; Motorbla; Laser Diode 
Labs., 'Inc.; Spectronics, inc. ;. ITT; and EG&G. Electrical y» 
connector manufacturers who' have announced developmental \^ 
work in/FOC connectors include ITT/Cannon; De\itsch; and 
AMP, Inc. • - • — ; ~ ; . .. 

. ' ••. , .- ' T^- ■ ' 

. • Sysfefems . ; 

Systems R&D is evolving from .laboratory breadboard circuits' - 
to experimental fie^d trials 4n hostile environments and in 
some commercial applicatipns. Telephone network and .DOD/NASA- 
oriented operational prototypes are in the forefront for 
predictable economic reasons: \*ell-de^ined future -applica- 
tions of sufficient size as to promote economies of scale in 
production. In comparison with DOD and telephone companies, 
the commercial .market and the nonmilitary Government agency 
markets. are npt yet as clearly defined in terms of volume 
potential for specific applications ~ a deterrent to final- 
ized,^esign of sophisticated systems. There are also 
obvio^ proprietary constraints inhibiting public discldsure 
of specifications of commercial systems prio;^ to marketing. 
Technology transfer from. DOD- and NASA-sponsored work will 
undoubtedly ^.^iigm^Sfet the appreciable level of privat61y- o 
funded advanci^^r R&D now under way in the prxvatie sector.* \ 

One of the most extensive .corporate R&D systems efforts is 
being conducted by ITT in their Electro-Optical Products 
Division/ Partially DOD-sRonsored^ the -effort is heavily 
systems and component oriented, using ITT components such as 
lasers, connectors, fibers, and^ carbles,^ as. welL as commer- 
cially-available>cdmponents where applicable. They have 
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^recently ^acquired a' military contract llo deliver a 2 km 
system and have announced a product liRe of. lasdrs, fibers,, 
cables, |and*connectors. 1 - , , 

Collins' Radio (Rockweirflnternationai Corp.) has* published ' 
details |of an experimental' system (see table 1) and bas 
announced pre^nt in-house' efforts includinq a 0.5 km a. 
interf0ility lick/ an intercomputer feasibility link, a ^00 
•MHz (approximately) la:Ser^ receiver, and a digital 'receiver 
^for a telemetry /syst^'s. \ . ^ ' , • * v . 



Hewlettj-Paqkard has developed a prototype 10 Mb/s , transmit- ^ 
receive' module, which they estimate will cost approximately 
$50 in t>3:oduction quan£ities. The TTL-compatible' module is 
designed for system^ .operation up to ^600 m or, at: a lowered 
capacity of 2 Mb/s, up to 1 km. Hewlett-Packard is. now 
working on a second generation system designed for -30 MbVs 
over a 600 m path. Hewlett-Packard's projections a^e for , 
off-the-shelf systems sales by the end of 1977. Their imme- 
diate goal is for sjTort-haul, . low-.cbst, high-perf o^fiance 
medical applications (e.^.y connecting some 15 medica:l 
instrumqhts) Otlier perceived applications for such an^ ^ 
^optical data bus include dl.stributed instrumentatioji^*«^t'ems, 
interconnecting computer reiffcte terminals, multiple remote, 
s^'ensors, central processing units, programmable 'calculators , 
storage : systems, and vai;j.ous multiplex signals. - They have 
also examined building interconnect systems w^ith Capacities . 
iip to 100 Mb/s. ^ 

The experimental Xerox system shown in ,table 1 indicates 
tliei-r^ interest illdevelopment of broadband, ^interbuilding 
systems capability.. , ' / 

^Harris ^Eie^tron^c^ys^ms division's multiplexing experiment , 
(Retailed in *taBle 1-, is an example of one approach to low- 

• co§t systems design^. Commercially-available optical sources, 
detectors, and fibers are employed. With design emphasis * 
ugon optimized elec*tronic circuitry/ 

A -few itfqjaerately-high /Capacity, short-haul systems ar:e be- 
ginning to appear oA the commerical n\arket from firms ^withj^ 
DOD systems-design experience; One firm, Spectro.nics, Inc^ , 
(see Wright-Patterson^ in table 1) , which formerly was e^^clu- 
sively a device house, has announced the availabildty of one- 
^analog and*, two digital, systems, with a maximumva^fc^ rate of 
10 Mb/s. ' * . ' . ^ ^ 

Other firms, such a^ Hughes Research Labs (see table 1) and 
TRW, are involved in contractual government POC support and 



have not announced coiranercial systems. IBM has presented 
arialytical papers di'scussing FOC potential in computer 
interconnect. A few firms (e.g., American Laaer Systems, 
'Inc.; Quadri Corp.; Develco, Inc.;^<and Meret, Inc.) offer ' 
inexpensive, short-haul, moderate capacity general-purpose 
commercial systems for a variety of applications including 
use in hostile industrial environments (e.g., where high 
electromagnetic interference levels require heavy shielding 
of metallic conductors). Mergers ^such a^ the recent Valtec- 
Laser Diode Laboratories will create new systems capabili- 
ties. 



THE UNIVE^S^TY COMMUNITY ^ 

A majority, of U. S. colleges and universities with large 
electrical en^j.neeriilg and/or optical departments has 'become 
concer^jed with, optical communicfations , usually jDoth through- 
the-atmosphere and ' ^uided-f iber transmission.- A significant 
portion of the R&D at. the universities is sponsored through, 
an on-going program of the National Science Foundation 
(NSF). The NSF promotes an active interchange between re- 
searchers and the^-broad, potential user community by means 
bf semiannual Grantee-User meetings.. 

The university effort tends to be largely devoted to funda- 
mental research dreas, but covers a broad spectrum ranging 
fpom basic materials research to systems performance analy- 
sis. Some typi^cal NSF-sponsored program areas include 
theoretical and experimental investigations of integrated- 
optics technology, development of continuous-wave dye lasers 
design of high-efficiency mpdulators, exploration of the 
application of detection theory to quantum communication ' 
systems, and acous1:o-optical switching.' Much of the impact 
of the university research effort* will be upon the next 
generation of FOC systems, in which, 'for example, integrated 
optical circuitry"^ expected to replace at least a portion 
of the present electronic switching functions, pushing the 
optical/electronic interface fijrther into terminal equipment 



DEPAR^MEUT OF DEFENSi 

The potential JEor use of fiber optic cabla for ^milfT^ry 
communications (DOD) is extensive. -Applications are many 
and may 'soon include: (1) long-haul time division multiplex 



(2) base distribution for telephony, (3)' remote antenna 
connect for satellite ground stations to base terminals, U) 
computer interconnects, and (5) long-haul pulse code modula- 
tion for high bit rate transmission. y>^ 

Consideration is being given to substitution of^ fiber optic 
cables^for the ^conventional hard wired communication cables 
and harnesses aboard ships and on aircraft. 

r 

DOp has announced its <;ommitment to the gradual conversion 
of military telecommunication systems froln analog to digital 
circuitry. These requirements for, digital transmission have 
caused attention to be focused on FOC where the combination^ 
of directly mddulated sources (semiconductor laser ^aipdes or 
light emitting diodes), low attenuation fiber optic cable, 
and highly efficient solid state optical detectors .will make 
possible TDM systems ^t* 10 to 100 Mb/s over several kilo- 
meters without the necessity for repeaters, * 

The necessary input-output-access requirements of a telecom- 
munication system have caused the development of a variety 
Qf coupling and distribution components, such as "STAR" and 
"T" couplers. This makes possible various types of radial,, 
loop, or Trdistributions and provides accessibility to the 
telecommunication systems with considerable flexibility in- 
network architecture. «^ . 

DOD has sizeable fiber optic communication programs in all 
three major branches of the services and has established a 
TriServices Committee to coordinate development activities 
in the military to prevent costly duplication of designs and 
systems. ^ ' • « 

•Listed below are some of the major laboratori^es involved in 
extensive optical communications: ^ 

(1) U. S* Naval Elect^roniqs Laboratory Center — con- 
cerned with shipjDoard communication links and 
services in high interf eir^nce environments. ^ 

(2) ^ U. S. Air Force Avionics Laboratory. — .concerned 

with the development of fiber optic data bue links 
for onboar* aircraft communications. . — 

'(3) U. S.- Electronic^Communications Command (Ft. 

Monmouth)' --.^concerned with a wide variety of base 
communication networks. 

' . . . \ ' , 234 



(4) U. S. Naval Electronics Systems Command. — evalua- 
ting fiber optic undersea cables for certain 

. applications as alternatives to. conventional cable 
•systems. ^ ^ 

(5) U. S. Army. Coittaunications Command — concerned 
with the wideband communication link between 
•satellite^ ground terminals and qqnventional digital 

communicatipn links such as the DCS. 



The Naval Electronics Laboratory/ San Diego, has ' demonstrated 
a large number of laboratory/ land transmission, aircraft^* 
and shipboard systems in which military 'specif ications 
qualified components are becoming available to meet the ^ 
rigorous enviroiintent in which these systems must^ opei^ate. 
Fiber optic computer interconnects have be^n established at 
Cheyenne Mountain, Colorado. ^Demonstration systems havjs 
been developed for aircraft, as_ f or example, the ALOFT-A-? 
---aircraft modifications — glass fdber cable for copper cable 
harness. Shipboard digital systems for ^ntraship communica- 
tions are operational. ' ^ - ^ - 



For a variety of reasons, the Arm/ considers fiber cable to 
be an attractive alternative to its existing metallic cable 
facilities. The Army is iinpifessed wijfcl^ fiber cable's resis- 
tance to crosV-talk 05 dBm) / its quality of nonradiating 
(thus improving security) , its immunity to electromagnetic 
interference, itfs r^lat ive t^eductioi) in weight and volume 
per i^nit of bandwidth, and its requiring fewer repeaters for 
long-haul trunking lines. 

A recent review (DworkihV et al., 197,5) was given on the 
applications of optical waveguides to Army communications . 
Reproduced below is a table summarizing Army ap|>lications : • 



Suzaroary of Army Applications for ^iber Optlds 



tlds 



Short Distance 
100m 



1) Intra- shelter wiring.- 

2) Avionics data bus. 

3) Antenna coi^nection. ' 

4) Base information trans- 
fer f/stem, 



Moderate Distance 
lOOm - Ikm 



Long Distance 
lkin+ 



1) Command post distribution. 

2) Special weapons system 
(CE SAM-D) . ' 

3) Field computer interconnect. 

4) Base information trsmsfer 
syst^. 



1) bcwn hill PCM cable. 

2) 60 km PCM cable runs. 

;3) Base information transfer 

• ' system.' 



/ 
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The table gives applications for various expected lengths of 
links and various formats of data rate and signal modulation, 
,Two major applications are: 



o Long-haul TDM trunking' to transmit data at rates . 
of 2-2G Mb/s at distances up to 64 kilometers with 
repeaters. , * * 

o Local distribution analog yoice and 3264 kb/s 
continuously variable slope delta modulation voice 
of distances of a few hundred meters.. 

The extensive efforts by several DOD organizations inqiicate 
that major R&D efforts in FOC are well under way under DOD 
auspices. 



r ■ 
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2 . 'Internatio nal Statiis 



JAPAN 




Extensive R&D efforts are under way. ih Japin in al 
of FQC: fibers, optoelectronic devices, modulatioi 
niques and hardware, and telephone netWork-compat: 
prototype systems. Hivolv^ent includes Japanese 
facilities (e.g., the Electrotechnical Laboratory/ 
Electrical Communications Laboratories), major inLsci^j 
firms (e.g., Nippon Electric Company ^^,^pon Glass^W©^ 
Fujuitsu, and Hitachi-), and universities (e.g. , Tohoku 
- University and the Tokyo Institute of Technology) . The 
programs are mostly large and " generally government-funded. 

Based upon the developmental level of numerous prototype^ 
systems (see table 2 |or^ example ) , innovative technology 
transfer is quite'' effective. * 

t 

The extent (and effectiveness) of the Japanese commitment' 
S -f I^'!^ involvement compared, for example, to the 
United States and the United Kingdom. The first reported 
Japanese FOC investigations Began in X970. The .iniervening 
5> years haye revealed very r^pid progress.- An early accom- 
plishment was their development of the fijrst gradid-index 
optic fiber. ^ Marketed unde.r the ttaden\ark ,SELFOC (for 

self-focusing"), the fiber minimizes optical pulse disper- - 
.sion, thus permitting more .favorable trade-offs of large 
•bandwidth and long transmission paths. (Variations of this ■ 
graded-mdex fiber design are now und6r development in 'every 
• country heavily committed to FOC technology'.) in addition - 
to contipuing refinement 'of fiber production', Japan has . • 
developed laser diodes,- detectors, and interfacing h^dWare 
to implement experimental "multiMilometer FOC links with at 
least 123 Mb^s capacity. There has also been' a" governmej^it 
•commitment to. apply FOC to community communication di^tri-" 
bution systems. ' , , ■ • - 

' . . s ^ ' ' ' 

UNITED KINGDOU f ' ' 

« The United Kingdom has a smaller R&D effort in" FOC than 
Japan but appears to be ahead of ittf European competition in 
reportedMevelopment of hardware. With the exception of the 
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Table 2. Representative Foreign Bxperi»entaX/Prototype Fiber Optical CosaunicAtion Systeas. 



tOONTRY - 


J'IFH'OR PTT 

c 


TRANSMISSION 
RATE 


PATH 
LENGTH ^ 


DEVELOPtlENTAL STATUS 


DATE 
ANNOUNCEP 


SPECIAL FEATURES: ^ROPOSED APPLI- 
CATIONS/NEXT generation UP-DATING 


Jap^^y 


Nippon 
Electric 


Color TV or 
600 Tel. 
channels 




Lab. prototype; 
siaulated 2 ka path 


1975 
41 


2ika operational field test (Osaka* 
Japan) scheduled l\te 1975 


Japan 

* i 


Nippon 
Electric 

• * - 


7.8 Hb/s 


2r8 ka 


Lab. experiaerft; 
total aysteas analysis 


1975 


4<-fiber ruggedized cable; hardware 
poapatible with existing 40 Mb/s' 
digital trans, system; extendable 
to 20 km link using 3 repeaters; 
field tests in planning stages as 
of Juno 1975 


Japan 


Nippon Tel . 
and Tel./ 
Fujitsu Lab. 


32.064 Mb/s 


3 ka 


Lab. experiment 


1975 


pigital videO'-phone transmission 
using regenerative T^peaters 


Japan 


Fujitsu Lab. 


< 

4 00 Kb/s 


4 ka 


Lab. experiment 


1975 


Spliced 1 ka length fibers . 


Japan 


Nippon Elect. 
Nippon Sheet 
Glass 


123.49 Mb/s 


2 ka 


"Lab. experiment 


1975^ 


500 m-length cables mated with low- 
loss connectors 


U.K. 


Post Office 
Res. Dept. 


8.448 Kb/8 


Goal: *l ka 


Lab. prototype 

* 


1974 


Lensed* demountable couplers; design . 
goal: extension to 6 ka repeater^ 
spacing with improved-transmission 
on fibers; future field trials 
dependent upon economic analysis , 


U.K*. 


Post Office 
, Res. Dept. 


139.264 Kb/s 


% 


Lab. experiment , 


Goal: 
Ult^e 1975 


Experimentation, with their "near 
monomode" high-purity glass fiber 
<core diameter 10 un) 


O.K. 


Plessy Tele. 
Pe s . LTD 


^448 Mb/s 




1.48 ka 


Inter/intra Bldg. 
prototype 




f r 9 

Evaluation of multi-terminal link 
(pulled through existing ducts) 

"'for possible "wired city" broadband 
local network, incl. CATV 


Franco 


CNET » 


Kin. 8 Mb/s 


Goal; 5 ka 


Lab. startistical 
Analysis of componentry 




rt 

PTT field (ests scheduled to be 
operational by late 1981 


Prance 

" 0 


CGE , 


8 Mb/s 




-¥ '—^ 

Lab . axp«r iaen t 


Goal: 
Late 1976 


• , * 


"West Germany 


AIG 

T^lcf unVc^en 


250 Kb/s , 


? 


Exp. demonstration 


1973 


Binary wdtk ^gi£al TV trapsaission 
tentative schedule for PTT link 
demonstration: late 1977 


. West Germany 


AEG 

Telefunken 


IQO Kb/s 


200 a 


Lab. experiment 


1975 


— ' \ : 

Siaulated 3 km link; S/N , ratio 
permits 3 km link using an equal- 
jHzation^ netwo/k * 


* 

* Canada ^ 


Bell Northern 
Research 


>100 MHZ 


?, 


Lab. prototype 


1975* 


\" • • 
Applications goal: wide-band analog 
distribution network, incl. color TV 


1 / 

^ Canada , 


Bell Northern 
Research 


4 5 Kb/8 


i 


• 

Lab. prototypes 


1975 


Applications goal: digital trans- 
mission of voice/, video / and data 

1 , « 






• * 






' » 
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military; and, particularly, avionics applications (reported 

U K coZ^^^^ni^-'^^^^^'J "^^^^'^ the p?imfry 

U.K. conunitment is toward -application in its PTT network 

?Slt'"6Si?rf r^^'^^n^-^f ^^^^^ the British : 

Post Office Research Development (PORD) , which has been 

^Uri"''®'? f ^ange of R&D, -from development of fibers 

ana devices to experimental systems testing and character- 
ization. Ma^dr mdulBtrial efforts in fiber, device, and 
- sys-tems development arfe upder way at t^he Standard Telecom- 
munications Laboi-atVy (STL) — an ITT subsidiaty. In the ' ' 
words of C. P. §andband of STL (in addressing a 1975 FOC 
symposium)., there is "... a close interaction between basic 
technology and Systems development", fcong emphasis is 
being placed upon practical systems aspects of FOC; e.g., 
lowered costs, cable installation, minimizing the number of 
repeajiers, and simplifying ma:^ntenance. 

FRANCE ' ' ' . 

.' ' . ' - ^- ■ . 

The,^rench may have lagged behind the United States, Japarf. 
^ind th.e, United 'Kingdom in the" start up of FOC technology. • 
They now appear to be strongly .committed to catching up, ' 
with major emphasis upon systems applications>. The lack of 
a domestic soutcd of fiber ^Jroduction ha's beep considei-ed by 
many to be a significant hindrance to Erance in the interJv . 

• national' market; however, the teaming of Thomson-CSF with • - 
Pilkington of the U. K. to market smalL FOC links' (using ' 

. Thomson optoelectronic devices and hardware and Pilkington 
fibers) may.poirnt to at least a short-term solution to this 
problem. " , ' . ' 

The French PT.T*fs also now involved in the pulling of a 
nilmber of sta^te of the art types of fibers at the Centre 
National d'Etudes Telecommunications (CNET). laboratoriesi. . 
The commercial firm, Compagnie Generale% d'filectricite 
'(CGE), is developing fibers an'd fiber cables and has entered 
into an interim agreement, with Corning Glass Works (United / 
States) for annual -.purchase of an appreciable *vol\ime of low- 
loss fibers. Cabling would be provided as their ^wn add-on. 

•Most FOC work in France is 'directed .toward long range PTT 
applications and is being carried out by CC5E and Thomson-CSF ' 
in conjunction wjLth the CNET, the national telecommunica- 
tions research center, and the PTT. The level of effort 

• indicates a firm comlnitment of the national PTT td. FOC 
application in the French telephone system*. The confidence 
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in nongovernment markets is ref lect|p by the fact that the 
CGE is funding more than 50 percent of its own FOG develop- 
mental program.- (The rest is CNET-sponSpred. ) GGE plans to 
have ai;i e:^perimental % Mb/s system in operation by late 
1976. ^ , . ^ ■ . ' , . 



WEST GERMANY 



The German FOG fef forts are laifge'ly confined to the research 
laboratories of the industrial telecommunication gi^j^t^,^ 
Siemens AG, SEL (Standard Electrik Lorenz, the ITT s-tlbsid- 
iary) and AEG-Telefunken, one of the primary suppliers and 
research organizations for the German PTT. ^ 

r 

Al^l three cqmp^nies have large programs under way in fiber 
development, devices, and systems characterization. Jenaer 
Glaswerk Schott und Sohne, one of the world's largest manu- 
facturers o£ optical glass and fused silica, supplies high- 
purity bulk glass and quartz for fiber manufacture by the 
other German firms.. There is every reason to expect that 
Germany will develop a high performance (low- loss) family 
of fibers 'for its own needs and foV ti%de %abrQad. 

* * * / '^'^ 
The majority" of the German effort Is aim^a at l^ng-term 
applications to the national telephone network: long-haul, 
high-capacity digital transmissioh. AEG-Telefunken has 
demonstrated experimental systems with up to 250 J4b/s 
capacity and. is currently concentrating R&D efforts upon two 
distinct systems, one operating^^t 35 Mb/s, the second at' 
140 hih/s. The -former may be operational in late 19.77 as a 
prototype. In the commercial side, Telefunk^n has .marketed 
iin early 1975) an FOG "da^ link kit" aimed at the infra- 
office industrial communications market. 



CANADA ' ^ 

• ■. ■ ■ V - ■■ ■ ' 

Canada is a relative newcomer to the -FOC ?ield.^ Most* of the 
reported work« is being done by Bell Norihern Resesfrch (BIJR) , 
the R&D arm of Bell Canada, the major Canadian telephone 
utility, -and Northern Electric, Bel> Canada' s manufactiiring 
subsidiary. BNR has been involved, since -1971* in the develop 
ment of FOG fcoipponents, subsystems, and systems. .Strong^- . 
emphasis ^has been placed upon op-^imization of sources, ^ 
detector!, and ^onneotors for use with single-fiber cables. 
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The wxre and cable division of Northern Electric has a ' 
complementary program und^r way in developing low-loss fiber 
and multxple- fiber cables designed so"±hat individual fibers 
can carry independent channels. 

' si'- 

• • ■ • • ' .V 

Feasibility and systems engineering ^studies at BijR have been 
directed toward analog systems beyond 100 MH» and digital ' 
systems up to 150 Mb/s. The analog work is directed toward 
d4.strxbutxon of wideband services, including color video in 
metropolitan areas, and a switchable, customer interactive 
broadband facility. System design analj^sis and market 
applications evaluation for digital systems are aiifted -at 
voice, video, and data transmissitjji ii) the 45-150 Mb/s - 
range. Short intercity trunks are .being considered as 
potential markets. Time frames are not known>^ 





^ ' AppendYx f ' ■ ■ ' 

."^ .DEVELOPING. TECHNOLOGIES AND THE VITALITY • / 
" ) OF THE ELECTRONICS INDUSTRY' 

INTRODUCTION ^ , . 

^^^^S^ fequest of the Deputy Assistant Secretar^^ for' Science 
and Technology, a selection of {significant "semiconductor- 
device technologies was examined to determine their signifi- 
cance" to -the electronics industry over the next few years. 
The study, was par^ of a larger investigation to explore ways 
to impr6ve the worldwide competitive position of the Un'Med-' 
States- in this field. . |, " ^ ' . "W 

^ . 1- •»• 

The technological topics were cHpsen in consultation with a 
group of senior 'scientific staff members- of . fcJie Electronic ' 
Tf^S!?'?^ ^^^^ Division- of the Naticijal Bureau of Standards 
(NBS) as be.mg the ten -most Significant in terms of their 
impact on- the commerciaj. and corisumeqf- sectors o'r the elec- 
tronics, industry .. They were: ' 

■ ^4-^ . - L-— ■ ' " ■ ' ' 

Charge- coupfid 'devices (CCD'sfT^' - - 

. Surf ace^ acoiistlc wave -(SAW) devices.. -..".< 
.0- .'Mici^rocessors and memories.,' * . 
' . M(^6l|?ytL3=4;L'in^t'. integrated circuits. • ' 

, Hybrid ^linear;^ l|i^egrated cirmiits^ • . . ' ' *. 

•■ Micr^rajv;^ signaf. devices./ ; ^ # t ' 
♦ Micr<^Y§- powfer^^devic^^s, . , • A * ' . . 

SiIicon:a(^n-sapphire^'fS®S.)' Int'e^i^t^, circuits. ' 
Improved photolithograpHic. teohfiqlogti ' . 
Improved component reli^il'icty^ ^ "to. , \' \ 



In addition, ^ght application area^p' of: .presprtt or potential 
significance were chosen: ■ ' 

Cable television (CATV) •systeiilsT 
, Electronic fund transfer ^'y^fei^s^ (EFTS)v * - ' 
Land mobile radio ^ (includin| per SQnal .jj'aging- systems) . 
TV telepiipnes. . f - - : ^. 

Satellite- communications; »^ ' • . 

■X Data networks.., . 

Secure civilian 'Sommunlcations^ (scramblers') . ' 
TV receivers and other broadcast and Citizen ' s Band 
.radio equipment. r , 
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The first six of these were . su|pjects of study by^^agenqies 
participating, in the overall . investigation, and the remaining 
two were added by the 'writer • Patticular attention was ^ 
given to the effects of the selected technologies^^on these 
application?, though other important applications" of the' 
technologies were considered where approriate* , 

Becausp only two weeks were av^lable for thi% ^tudy, most 
of the information gathered from industry was obtained by 
telephoite. A study of^ CCD technology had been made during 
September for another pur^)ose, and some of ttjls information 
was useful in* this instance* Visits wer^ made to three 
companies of .particular significance. Be'cause muoh of ^th^ 
detailed technical^nd financial information from the ii^djustry 
is proprietary, the information is not associated with its 
source in this report. 



TRE TEN TECHNOLOGIES 

• <» * 

The following sections deal with each technology in turn, _ 
including a brief ' d^script'ibn^. of , the devictev its general " . 
utility, a more detailed discussion'^bf its impact on the 
selected applica^tions, ai:id a sumihary regarding^ the state of 
the 'maturity oi the ^ subg'd'ct and future development possibili- 
ties. - • ' - , . 

Charge-Coupled- Devices^ . 

Chargercoupled devices ' (CCD 's) use- much metal-dxide-semicon- 
ductor (MOS) technology in their manufacture,, and can be ' ^ 
regarded as a subset or that class of device. They areV • 
basically liri'ear arrangements o^^ regions in a silicon body,^ 
each region being able to contain 'a pat:ket of. electric, 
charge. By manipulating the potentials of metal ;^egions 
overlying -and iix§ulated from the silicon, the charge packets 
can be transferred from region to neighboring region. The 
charges may represent the ones and zeroes of digital infor- 
mation^' cjr may itave a bcaa?tinuous^ distcil^utioh of magnitudes 
representing ^alcJg (linear) inf orpiati^n; Tjius CCD^s/haye 
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uses" *s both digital and linear devices. 
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■The packets ofr charge are departures from' equilibrium and' • 
will dgp.ay in' times of the order of second:s~at most. Linear 
information thus must be used beftore it is lost. Digital 
information can be recirculate^d and regenerated/ Operation \ 
is always dynamic'. ''"""^ ;'v » . ^ 7 



S^L-^ uf® ii^Por tan t, digital memory devices. They have a 
ft^25^^^?°"^^2^^^°'' °! density of^storage ,(64 k bits/cm2 
JJ, ^ ^n^o^'.'^^^^ .transfer rates to'^'v lOO Mb/s, and low 
??D'ri? P-^o Joule/bit transfer), m lineal applicatiops, 
CCD s a^e useful for signal processing and for optical 
imaging Processing., examples^include vai;iable time, delays, 
S^df o^^ transforms, ancj filters of various 

kinds. Optical imagfng CCD's operate by absorpti6n of 
visible light in the device, - which creates electron-hole 
pairs'. These charges are. collected -into .packets wh(tfse 
jiiagnitude depends on the local light level. The packets are 
then shifted serially out of the dex^ice to generate a video 
. waveform for a variety of uses. In the laboratory it. i>-now 
possible for a CCD of % 1 cm2 to generate ,^ ■ full 380 x 488^ 
element array of picture elements.. corresponding -to a complete 
TV picture frame. Such devices will be commercially a- 
yailable an one to two years. The sensitivitjs 6"f these ' 
images IS such that a ' (marginally ) useful picture can be ^ •' 
obtained at- such low light levels that the brightest ele- 
ments of the picture are represented by only 15 electrons 
per packet. ^ '■ , 

The major cotonercial impact of these devices in the n^x . 
term (< 5 years) will be as medium-speed memories for 1 " 
computers, as sensfors of light, (certain "TV cameras,- for 
example), and in signal processing in specialized communica- 
tions equipmeht, in the above order; Present commercially 4 
n^nc A / memories are quite cost competitive at 0.01 to - 
0.05 C/bit, compared with cores :at 0.1 to 0.2 <:/bit and - 
other semiconductor memories at 0.1 to 1.0 ^/b'it.*^ CCD 
memories have greater access times, however, ' since they are 
serir^l devices and not truly random acc^s as these other 
m^ans are. They are also volatile, losing their stored data - 
when, power is removed, whereas cores are not. ' ' • • - 

CCD's are -only now beginning to" emerge as <commercial products. 
•Widespread application must await appropriate system re- 
design, which.will require. a year or two* at least. -Costs, 
a§' IS typical m^'the semiconductor indu^ry with new con- •' 
cepts, will drop by a factor of ten J.n five years and mor6 
slowly thereafter. The .Uijited States ~ (Bell) originated ^the. 
CCD. and has at least a twoi-ypar technological lead in bring- 
ing it to- market. Once a component is generally available, 
of course, any free world equipment manufacturer is able to ^ 
use It; and ^ny le^ we haVe will depend on our ability to 
des-a,grf and manufac,t.ur^ equipment competitively. • 



surface Acoustic Wave Devices 

^ — 

Surface acoustic wave (SAW) devices make use of ultrasonic 
waves propagating along ^ the surS^ce of a piezoelectric ^ 
crystalline substrate. Generation and detection of the waves 
is done by metallic electrode* arrays in the form of inter- 
digitated comb-like^ patterns. , The ^ electrode deposition and 
patterning is by i]j^eans of standard integrated-circuit ~ 
methods: vacuum deposition and photolithography While 
these are not semiconductor devices,, being entirely passive . 
and using insulab-ing Substrates, their manufactu;re is by 
identical processes and thus semiconductor manufacturers are 
well able to make them. The valuable properties of the 
devices ^re obtained by designing .the electrode patterns in 
particular ways which are very amenable to mathematical 
analysis. 

SAW devices can perform filtering, transformation, convolu- 
tion, and delay functions of great sophistication. In 
pri^nciple they are low cost {"^ $1 to $5) and straightforward 
to apply. SAW*s are useful over tfhe range 10 to 1000 MHz, . 
"1:hough art^ giyen device can only operate over a 2 to 1 
frequency aange. . Practical bandwidths range from 0.5 to 40 
percent of*l;he center frequency in filter applications. 
Minimum insertibn losses of 0.5 dB gan be acjiiieyed, though 
3. dB is the minimum in simple devices. Desired attenuations^ 
of 'up to 80 dB are .possible, with shape factors as low as 
1.2 ,a^d less than 0:1 dB passband ripple. These character- 
istics are il^m^dually as good as can be obtained by any 
other available^means, and can be obtained in SAW devices in 
combinations not available in 'other ways. 

Applications exist in all radio communications equipment and 
in most wired communications systems, the exceptions, ^being 
at frequencies less that 10 MHz where the increased physical 
size of saw's implies *a noncompetitive cost (primarily 
material). .Since these devices are qurte new,. most of their 
development has been supported by DOD for military systems. ' 
The first large civilian application has just* been made in 
one manufacturer's TV receiver as a replacement for IF 
transformers. . * ' ^ • 

A cost analysis (from another source than that company) ' 
shows the present IF amplifier circuit costing $5.00', and an 
equivalent using SAW filtering (without the cost of the 
filter) costing $4^50. Thus the SAW filter must cost less« 
than $1.5D,to displace the old technique (attuned tr^ns- 
fOCTder) . The analysis also show? the pre&ent cost of the 
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SAW filter to be $3.00, feaching SL.OO after 2 million units 
•are produced. Thus 'a to1:al excesf'cost of $23 million must 
£>e d^alt with m some way before |:he hew technology will be 
an ,an economic positibn to take over'thrs application on a 
large scale. This situation is commonly encounter^^ in'the 
application of new methods where the' exisj;ing.way of perform 
ing the function- is satisfactory and has matured to a' low 
cost. New technology alone is not 'attractive; the cost must 
•be less. 

Similar IF filter applications -fexist in all radio receivers, 
though the frequency is too low in AM 'broadcast receivers- - 
for use, of SAW filters, (The "exception is academic. 
Virtually no AM broadcast receiver^ >are made in this country 
today.) Receivers for 'land and aeronautical mobile .services 
•and other commercial ec^uipment can "stand the extra initial 
cost of SAW filters better than consumer products such as- TV 
or Citizen's Band radio. • , ^ • = 



other ptrtentially largC^^ff licatlons exist iii the telephone 
industry. Long-disjance transmission of voice; video,, and 
data is done by "grotaping ' individual nafrow-baridwidth 
channels together into wideband .signals and transmitting *^ 
these Via coaxial cable, microwave relay stations, 'or 
satell|ites/ Each signal channel must be separated from the 
Others at some poi;it, and filters 'are required for this. * 
SAW devices can do this function, but will do so only" when * 
the combination^. 9Jf cr<yst arid i>erformance is; right. ■' - 

Laboi;atory development is, being done , on SAW resonators, . 
^4^^ ai^e .essentially ver-y narrow bandwidth filters of high 
Qi fh^se permit oscillator circui.ts to be made, working at 
fpguerxcies^up to 1 GHz',;<with stabilities of' i ppm^over,<^ 
ip?C temperature range. Conventional crystal oscillators 
are limited to frequencies below 100 MHz, higher frequencies 
requiring subsequent multiplier circuits^. Thus there are . 
^ood prospects for simplifying the frequency control circuits 
of. very-high and ultra-high frequency communicaktions equip- 
ment, but three to fiye'years will p^ss before this can 
occur to any si<gnificant degree. , * . ■ 

♦ ^ , . « 

TKe more exotic functions of cofivoliTtion, trans formation ^^ 
and adaptive filtratiorif will be used in special|*:^ed systems, 
mostly military, and will ^penetrate civilian applications 
only slowly. Means to do siich operations at low.cost have 
riot b'een availatole before, so there are no /developed high- 
volume applications. Wh6n f unctions/are available , ^ingenious 
circuit designers often find unexpected uges for; them, sp it 
will be interesting to'seei what happens. . Prediction j^s ' 
haaardous. ^ . . ^ . 



SAW'S are in an earlier stage of' development than CCD's. 
Their elegant simplicity and low-cost potential are powerful 
stimulants, but low cost must be at hand before large-scale 

use will occur. / ' ,^ 

/ 

' Microprocessors and Memo^ries 

A microprocessor is the data processing heart of a .computer 
made -in the form of a single integrated circuit. Of itself 
it is not- a complete computer. At least an additional IC 
(memory) is required, and usually also some circuitry , for 
communication with the user. Practical computers using 
microprocessors can be .constructed on a single circjait board « 
half the size of this page. They have capabilities com- 
para*ble to a small minicomputer of three years ago in speed, 
instruction repertoio^e, and utility; A microcojnputer on :a 
single board ca^ be bought today fqr l^ss tha?i $400. 

Since tlib microprocessor requires memory, both are !consider^d 
here. Microprocessors. w^re^ developed for two reasons. 
First, as costs of computers,^ and later minicomputers, came 
down their applications grew enormously. Th6 microprocessor 
is the logical ne:^ step. Second, the nXiraber of very com- 
plex specially designed integrated x^ircuits is increasing 
rapidly. These are required for a variety of systems -in 
which a unique design is cost advan-^ageous or for which the ' 
desired functions .are not otherwise available'. The design 
cost of a large integrated circuit is substantial. If the ^ 
production run is long, that cost can be distributed among a . 
large" number of pieces'.*^ But many special applTications 
require only a small total production of the circuit, which 
may have no other uses. Thus the design cost per uhil; is 
intolerably high. Microprocessors offer 'an alternative 
approach. .Rather than designing a ispecial IC, a micro- 
processor of standard design is use'd in association with a 
special read-only memory (ROM) whicii programs the micayfe- 
i^rocessor to^^rovide^ the functions of the special IC. 

} 

This approach has other advantages., Complex equipment 
designs are not always entirelY bright the firs^t time, 'or 
application requirements may change with time. ^ In either 
.case the special IC may have to be changed and the entire 
design cost incurred again. The tiifie required to redesign 
and to produce the first samples of the ^n^w-circuit are 
often long* enough to^.^be a problem as well. But iC^ith the 
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program needs to be changed 
The ROM contaanmg the program is ^ standard production part 
*a permanently installed ' after manufacture 

A modified ROM can be programmed and installed in' minutes 
at low cost. 
t 

■' ■ * ' ' » 

Applications of microprocessors are developing rapidly. In 
the consumer area the^are already , in sewing machines , wash- 
'^/^^.'^^^^^^^S" and calculators. In communications they are 
^used in point-of-sale terminals (electronic cash registers), 
-rejnoteNcompater terminals (thus in data networks), and in - 
t6ist and Jneasuremenf. instruments used to maintain communi- 
cations systems. Costs range from a few. dollars upwards. 

Future applications ^are certain to be many. ' One example 
will Illustrate the possibilitie"^ . Recently annouficed was a 
tuner for a TV receiver which the set owner can prpgram to 
select anii^annel and ^ turn "the set on. and off at any time 
With a 5 -minute- time resolution. Aii. entire week's pro- ' . ■ 
gramming cycle can 'be accommodated. It is a Japanese 
development and, while, not explicitly' stated in the news 
release, probably contains a microprocessor. 

Memories useful in these applications abound.' in addition 
to CCP-jnemories, there are bipolar and MO*S semiconductor 
memories. AIJ^ have attributes of speed, storage density, ■ 
access time, arid power requirements in differing combina-? 
tions which -suit eacH tp various uses. There are -also many 
types of ROM's: 

' programmable ROM (onjy onc^ , >> 
REPROM. re-programmable ROM / ^ . 

" EAROM ^ electrically alterable ROM ' 

' read-mostly memory (similal: td ,EAROM) 

♦ . ' . * • ' 

Other types of ROM's will no doubt arise. The point is that 
the components are available to support the Application of 
microprocessors to an extrordinary variety of jobs. The' 
only limitations sftre economic. ^ " ^ - 

■ ■ ' • , . _ ; _ ■ J ■ ; 

Monolithic Linear ^Integrated Circuits 

The Earliest morit)lothic IC's were digital for two reasons': 
saturated logic is relatively -easy to .implement, an.d the 
computer industry had a need for large numbers of a'* very few 
circuit types.. In ..contrast , lirnear circuits; ar,e much 



more difficult tq, design without adverse behavior over a 
range* of temperatures and there ^re many different complex 
operations to be done. Further, those products which use 
linear circuitry in large enough numbers, to be , attractive 
markets are mostly consume*t products and thus extremely * 
cost-sensitive. ^ , • 1 

• * 
The technical probleips have been overcome; and monolithic 
linear IC's are available ta perform most of the functions ^ " 
required in TV receivers, mobile radio equipment, stereo and" 
PM equipment, and related hardware; The limitations are in 
frequency (not over SO^MHz) and' power (generally < 1 'Wa£t 
per package, < 5 watts with special- cooling). Both of these - 
liirtits will be relaxed to /some degree with time but probably 
not beyond 100 MHz, and 20 watts for lack of economic in- 
centive as much as any other reason. Functi^ons outside 
those limits or^xposed to voltages over 20 volts are more * 
economically done with* discrete - components.- 

The economic: limitations are stiTl partly with us, however. 
The TV receiver history illustrates this. At a time in the 
mid-sixties when .and FM receivers were virtually all 
solid-state, the. conversion of TV receivers from tubes to 
discrete semiconductors was only starting. A TV set is much 
more complex 'and tube designs were well matured and thus low 
in cost.^ Displacement on a apst basis was difficult and re- 
design f6r solid state was a , substantial investment. The 
motivation for small, compact audio equipment doers not apply ^ 
to TV since the picture tube dictates the minimum feasible 
size. The transition wa's evolutionary^' and took several 
years.'* There are still sets made with vacuum tubes. 

Design for integration requires the circuit to be suitably 
parti tion^ed, and the approach to this varies from one 
manufacturer to another. Many TV manufacturers do not make 
•semiconductor:s and have beefi reluctant to give their circuit 
design responsibility to their part's supplier. Yet this is 
required if an IC design of TV sets is to be done. One 
large TV manufacturer 'estimates that the industry ib about 
50 percent o^^ the way toward the maximum feasible use of 
integrated circuits. . . ' > ' ; 

One comment was received during "this study which may fee of 
interest. Considerable circuit board, assembly work f9r TV ^ 
has gone .of f shore ^ mainly to the Far East.'^'. With the -in- r ^ 
troduction o£ IC's into his designs, one set manufacturer 
has found it more economical to return this work a^ far as 
Mexico and is studying the feasibili,ty of repatriating it 
altogether by additi-on of more automatio'n to control' the 
labor' cost content/. . ^ 
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In conunerciai telecommunications' equipment* the i^se of IC's 
also appears to be growing gradually. The' investment in 
product design is substantial, and redesign will not be done 
solely to use new technology; There must be either a *" 
performance improvement, a -cost improvement, ot both, "since 
much of t^s equipment now uses discrete solid-state cir- , 
cuity, tti^advantages Of better .reliability and reduced' 
power co^spomption are already being enjoyed. '^^ 



V Hybrid Linear Integrated Circuits • s ^, 

4 

♦ C * • 

This technology uses a glas's or ceramic substr.ate on which ^ 
conductors are deported, and discrete parts are finally 
assembled. " In concept a hybrid IC is a printed circuit much 
reduced in size. There, are significant per^rmance^ advanr 
tages to this approach. Operation at microwave frequencies 
is possible with controlled impedance transmission lines. 
Deposited ,resijstors^can be trimmed to^ close tolerances. 
Transistors and IC\s, which' are moun'ted directly on the 
substrate without -previous packagiftg, c^n be tested and 
selected befoj^ehand to have- the desired characteristics, 
The additional control afforded by this approaah jpermits 
hybrid cirquits to have greater linearity ajifi much betti^r . 
controlled electrical characteristics generally than mono^ ' 
lithic TC's\ The major disadvantages are larger size and' 
substantially higher cost. : ^^ ^ 

riybrid circuits ^re used whfere either very high accuracy of 
response or operation at high frequencies is required. 
Important applications exis-t in CATV systems, UHF /communi- 
cations, satellite systems, and instruments used for de^gfeJ.op• 
ment and maintenance work. Nearly all, these applications^ 

^ require that the hybrid assembly be specially designee^, *5o' 
there are relatively few standard prodticts on the market. v * 
Those that do^exist are* mainly for analog computer applica- 
tions or for instrumentation systems^ of only pjeripheral . 
importance, to this study. the technology is approaching 

^maturity, and costs are stable. ^ ^ ^ \ 

Microwave Signal Devices- 

- . - ' ^ ■■ ■ ■ , ■ ,' ■ . 

Included in this category are specialty transistors,, variabl 
capacitance diodes, .tunnel diodes, and related low-power ^ 
^evices. At frequencies tniich abov§ 100 MHz,^the par^itic 
il^ductances and capacitance^ of conventional device packages 
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become significant uncontrolled circuit elements. Therefore, 
special packaging is necessary ^o reduce these parasitics, 
making the devices mor^/expensive. The active semiconductor 
part of the device is also' smaller to reduce capacitances 
^ and transit times. iFo-r these reasons microwave devices cost 
more and have quite low power dissipation capabilities ^ 

The ^rice must be paid for operation. up to 1 GHz, needed for 
TV receiver tuners and for ^input circuits of UHF receivers 
in land and aSronautical mobile service. There' Is no othfet 
solid-state way to provide active device furictiorts at less' 
cost. Improvement^ in manufacturing processes for thes^ :^ 
devices can reduce costs and improve performance. Present 
\ photolithography is pressed to its limits to Jitake UHF bipolar 
transistors with 1 \im widh lines in metallj.ation patterns. A • 
substantial -advance in photolithography would haVe ,a b^ne- " ^ 
ficial^f fect'bn both c^Jtan'S performance. ' - * ^ 

)/• ^ ^ ♦^•^^^^^ . . _ . ; ^ '■ 

Microwave ^ower Devices 

' ^ ..... 
These devices are used to generate signals of appreciable 
power (100 milliwatts to 100 watte oir more) at frequencies' . 
pver 100 MHz. ^Special ppwer^ transistors ^ are the most 
important economically/ although avalanche diodes and ^ 
" 'travelirig-wave. vacuum-tubes are useful above §bout 1 GHz. 
UHF power transistors share tt>e p;:obl^ms of the signal 
devices mentioned 'above: ,^pecial packaging, very finely 
detaileg^eometries, arid high prices. <;osts are coming down 
on the u^^l learning curve, and have finally become low; 
end^ugh that power transistors have displaced vacuum tubes in 
, the high-power; stages, of UHF transmitters ^up to* 50-100 watts 
during the last few years. T^is goal had also been desiye^ 
, for performance reasons: no^warmup time ^nd greater- physical 
' ruggednesa are important attributes in mobile equipment. 

' ' * M ' ^ ^ • : 

' : The device technology is gradiaklly maturirig/ extending * 
useful performance to 1 Ghz at a few watts power level. 'I ' 

•'This ha^ allowed gr^ateij design fireedon^^ iii, CATV systems in 
which it had been <^ecfessary to^ translate signals above ; t 

channel 13 down into unused channels in^the lower ranges. ^ 
Since some TV sets do not reject adj^^ent-channel signals ^s 

, well as they should, this practice o^ten r.esulted in inter- ^ 
Terence in the, desiared picture from a, signal in a neigh- 

< boring channel. . \. 
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In satellite transmitters it is still necessary to use 
traveling-wave tubes^ for high-level signal generation. 

. Vacuum tubes are ribt as rugged as transistors and they are 
subject to wearout mechanisms not" shared by transistors. 
Othqr applications above 1 GHz, such as telephone microwave' 
relay systems, could^ use transistors when they become avail- 
able. Ground-rbased systems can. have their tubes replaced.^ 
This is difficult in a satellite. The motivation for de- 
velopment exists and prpgres's is being made. ' It will still 
be seve;ral years before substacrtrial transistor power iS| 

•^available at, say, 5 GHz. 

Silicon-O'^-Sapphire integrated Circuits ^ 

. .* y 

Silicon-on-sapphire (SOS) is a technique fdr making very 
high-speed integrated circuits by epitaxially growing single- 
crystal silicon layers on sapphire (AI2O3) substrates. The 
IC is formed ir^ the silitroiT^ayer in a conventional way, 
^ except that isolation regions between the active areas in 
: the sijLicofi are etched entirely away. In this way tfhe 
active areas hAve much reduced interactions with on.e another 
and operation at higher frequencies is possible. There are 
some major technical problems- of a detailed nature to he' ^ 
solved^ beft)re SOS is a candidate for ^rious consideration * 
'in civilian applications. One company Tlnselek) which 
intended to make this device -faunily* its raison d'etre has 
gdne bankrupt. The major ^efforts to bring^SOS to market are. 
being done by RCA and Autonetics. Some military applications 
have been undertaken. - " 

<^ ' 

*The major applications foreseen' for^SOS'**are in high-speed 
digital systems which would impact data networks and possi-, 
bly satellites for digital data handling. --^At the moment SOS. 
must bei regardecf as an uhproven technology which may or may 
not survive. Considerable DOD /support is being given to 
development work, and several years will pas^ before SOS 
will be widely ^available fcommeroially if. its problems can be 
solved. Even if this occurs it will be mdre exp.ensive than 
other digital IC's because of the cost of sapphire s^ubstrates 
• (now $20-30 ^ea'ch) . * , - 

) Improved Photolithographic Technology 

This topic has been referred to previously in several places. 
Xt is a process 'technology o£ ^Iriiost universal, utility 

' ' r ■ . 
7 ' , . • 
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in making semiconductor devices. For many purposes it is 
entirely satisfactory; but when one. is trying to make very 
complex, finely detailed structures, then serious problems 



arise,. 



EMC 



As a technology in itself, photolithography ^ includes 'm^ny ' 
• operations. A' high-precision drawing* of the pattern to be- 
created is first made at many times larger scale than the 
^^^■"•.P^^^^^f • "^^^^ often done by computer-rcontjolled 4 
drafting equipment. This drawing may be as large as two 
meters square. It is photographically reduced 'to' an in1;:er- 
mediate size in special room-sized cameras with lenses 
designe^a especially for this use. 5he reduction ratio is' 
» typically 10 or 20 fold. • The intermediate image is a^ain 
reduced by .5 or lOX in another camera to a single image on a 
precision glass plate at the final size^ 

This single image is used in a step-and-repeat -camera to ' ' ' 

generate a master plate, on glass, containing a. multitude of 
exact copies. The master. is used to make intermediate * 
pasters by contact printing, which in turn are used to. 
contact print working copies on glass for use in semiconduc- ' 
tor processing. A set of . working photomasks to make an 
integrated circuit may be asjnany as five different patter^ns^ . . 
of th^ var;idiS3 kinds needed^'tb be used in sequence. All . T 

must regi^ier precisely with one another. 

In typical use, an oxidized silicon ^lice is coated, with a i 
photosensitive material, (resist) which is exposed to light 
through the photomask. The pattern thus exposed is developed,- 
leaving a patterned layer of resist on the slice. The ex- • 
posed areas are etched to remove the silicon dioxide and ^ 
the resist is then stripped off. The slice ma^ then be 
given a dif fission treatment at high temperature 'to create a - 
pattern of impurities in its surface and thus form a part of 
its irxtendec^ structure. 'Subsequent patterns must register 
properly with the first, requiring use 6f very precise 
alignment eqjuipfnerit to position the mask ^nd tlie slice* 
correctly before exposure. ^ ; ^ \' 

' - .A r , , ' 

Problems arise in every t:onceivable way. . Obviously any 
flaws in the|* pattern on the slice will catise diffusion to 
occur in unwanted areas or no diffusion LrTNdesired areag,. v - 
Dirt, scratches, or emulsion failures at lany point in the 
mask-making or v;a^f er-pr'ocessing sequence Lill cause trouble. 
Although these^ are not basic technological problems, they 
are real and they ^ cause yield losses in i|}anuf aeturing/ 

■ ' ■ . . ■ ■] . 
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In practice, the limiting line width in common use today is 
about 5 yiri. With care/^^this can be cut in half. A very -few, 
devices, mostly microwave transistors, are made with 1 ym .f* 
lines, tffxere af^e serious measurement problems ira, simply 
inspecting masks to, see^ if the -proper line .width exists to 
begin with. To provide'' a point of departure, NBS is devel- 
oping, as a standard reference item, -a plate containing 
lines of 1 ym width and up. Since these dimensions are very 
near the theoretical resolution of optical microscopy, there 
are no sharp edges in the image to measure-, In a high 
density microcircuit there may be thousands' of^ lines in each 
of the several masks in a set. Verification of patterns: and 
their fidelity to the original design i's next ^o impossible. 

The glass plates on whi6h masks are made must be flat and 
smooth to within a f^w micrometers. Only one U. Si manu- 
facturer makes sufficiently flat glairs (Kodak) L Its process 
is proprietary' As lines in patterns .get smaller, the n^ed 
^for flatter plates is more pressing." For the most demanding 
applications (making large CCD's is an example}, <5nty one in 
30 .plates is flat, enough. ' ' * 

Patterns with line widths less than^l ym must be/generated 
using' electron-beam or x-r^y exposure. TMs is a^-radic^I^ 
departure from existing methods. J'urther, the alignment of 
each new mask to the precedin'g one is impossi'ble by -optical , 
microscopy. ^ Therefore, any signifioan advance^ in this 
direction' (making devices smaller and thus more of them per 
IC) will require a major ^development ^effort and creation of 
a whole new array Df^ expensive equipment to supplement the 
existing expensive equipment; * ' ' ' 

Anather approach to more cojnplex IC's is to keep the minimum 
line width the same and use larger areas. At f»resent, most ^ 
manufacturers aire 'limi^ed'^to 6 x 6 mm devices. The' limita- ' 
tion is imposed by the inability of existing 1,0X reduction 
lenjses to re.solve 2 \m Ixnes over larger areas^ Ap option 
which will allow doubling the size (4X are>a) to. 12 x.l2.mm^ 
is ^to do a 5X reduction instead., This moves t^e probjem 
bacjjc one step to the intermediate reduction level, where one 
mu^t^ 'then maintain;. 10 ym lines ove^r a. 60 x 60 .mm. pattern. 
Development of better lenSes is required* if a ^larger., size 
device is to be made. * > ' 4 

As ^device area is .increased, one reaches a poi^nt' Where the 
yield of good devisees drops to nearly zepo. "IThe »r^eason^ is 
that the incidence of- fatal defects is random,^ at some~^ 
number per unit area. With larger and larger 'devices. 




~""the~probability of the device c9ntain;Lng at least 'one flaw 
rises. With experience, the .limiting* size has' incraased as 
prqcess ' controls have improved. Today the maximum size is 
^about 7 to 8 mm on a side 'at a marginally acceptable yield. 

'The above 'discussion , can only highlight the problems in 
» photolithography. The economic loss to the semic6nductor 
industry due to limitations in photoprocessing is in the 
hundreds' of millions of dollars annually, it being a major 
^source of yield loss today. There is a wealth of supporting 
information at NBS on this subject, and a .program to address 
some of\ the problems in measur(emertt. * ' • . v 

Improved Component Reliability - 

Reliability is not a technology; it is an^ attribute ^ It is 
a property as much desired of sys^ms as components;! however, 
oi^e caijnot. build reliable systems 'without , reliable 'parts , so 
^wfe jwill. start ther^.' ; \. 

Reliability starts with careful design. In an .integrated 
^ circuit 'there is more than- one aspect ofM^his. The' circuit 
design must be right; and so must the process desi^gn, • ^ 
package design, • and final* test and evaluation designs. A 
design weakness in any of th'ese areas ;can negate' the ^ost 
careful work' elsewhere. * . * ' 



The execution of the' designs' must b^ well done.' It is in 
this area that !nost weaknesses arise. Semiconductor jnanu- 
facture is^ long, complex . sequence of operations. The 
requirements for cleanliness and precision in many steps are [ 
extreme. In a great many of ^ thase steps, there ^is no way -to ^ 
measure how well the operatiOh has been 'done. Hpw clean is 
a freshly cleaned surface?. Jn many .cases, a'*monolayer is ^ 
far too much of an impurity level CMOS devisees). The measure- 
ment may be destructive, or so laborious .as to ^e far too\;^ 
expensive, or so imprecise or insensitive as to be worth-^ 
less. ' ■ ^ 

Thus most semiconciuctbr process operations are done *op • . 
faith, following 'instructio^as . Operations such as cleaning 
'are overdone' in order . to be "sure." ^Yet yields are low at 
times "and high at others. Eyen neighboring wafers in the 
same lot c^n differ radically. It is not known why. . 
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^he semiconductor industry ships about $2, 5. billion 

worth of product annuallyl It is estimated "that 1:he' industry ^ 
average yield, is around 50. percent,- This does not .imply, 
that the output would be $5 billion^ at 100 percent -^yield 
with the same labor, since' thQ loas is not all taken 'at the* 
end X)f. the* process, , Much culling of unsuitable material 
•oocurs along the way, 'It is probably fair to say the loss 
is cl^e^^to $i trillion. The opportunity for 'saving is 
)us, and SQ is the jeb of devi,sing measurements am 
Ls which wpuld ^nable^ manufacturing operations 

loss. The reasons for' the NBS/ARPA. prograit^for 
lent of in-process m^asoarement in the industry^are 





With t^e aboVe very brief discussion as background, one ^has 
good reason to^ suspect that variability in manufacturing 
processes without adequate measurements and- t:ontr6ls mi^ 
lead 'ta lesfe than ideal .reliability of the. product. Com- 
plaints from users abound. At recent ,FDA/NBS symposium on 
cardiac pacemakers, the frustration of the manufacturers ^ 
w^ith tbeir inability to ^get sufficiently^ lieXiable semi- 
conduptors* was very clear. * ^ . • ^ 

The jjtiilitary and space^electronics programs have ^or':ffi^ny 
years been struggling with the same probl^epi. ^ They ha^ 
developed a pragmatig approach: *i£ the devices arej^ot^ i 
inherently -reliable, find testing and screeruLng methods to 
weed out the unreliable ones. ^ ^ The approl^chTis not aitogethfer 
sucessful '(the pacemaker problems occuf with the best aerospac 
grades of , device^) *, but it helps/ ^ 

In our infq^rination gathering for this study, we were told: 

.Reliability improvement is crucial to ma:^ntaining the U- S. 
.world position in electronics! — Texas Instruments ' 

. Greater reliability would obviously impact the business, but^ 
it is not possible to quantize its effect. — Jerrold Corporation 



Watkins-Johnson is most interested* ii^^Seing an improvement 
in reliability. * 

These responses are typical. ' * 

With r^g^rd to reliability of systems^in the telecommuni- 
cations afield,, the range is very wide. Here more than, in 



components one can relate design > care and conservatism to 
• unproved .reliability, at least on the average.' We we;t:^ 
told by another company than Sony that Sony's TV se;fes are the 
most reliable in the U-. -S. market. 'They^re also- higher- • 
•priced than others. In Europe — where owners ' expect their" 
TV sets t^ have appreciably Jbetter quality and longer life 
. than Americans expect of their sets — 4?V sets cost more 
than in this country. In commercial equipment these dif-. 
• ferences in national market preferences- are absent. Every 

■ manufacturer strives for .some optimiam balance between quality 
(including teliability) and cost* 

^ ■ . ^ ' ■ , . 

Unfortunately, semiconductor .devices ^re the least reliable 
electronic components (possibly. excepiyLng 'vacuum tubes-, for 
; which no. data are at. hand) . The feature Article in Electronics 
for October 2, 1975, " presents evidence that component failure 
rate trends over the last five years are at best level, and ' 

■ for transistors are getting worse. This is disquieting. Tlie 
<arti|?le questions whether the same care is being taken in 
ma.nufactrure today as in former years. 



The^iSQiicern of the industry is obvious,, but there are few 
sound suggestions for solutions. Experience -in other 
product areas teaches' that care and control in manufacturing 
IS necessary to make quality products. Vlore care and more 
contror in semiconductor factories might' do the same. 

• ■ . ' /■ y ■- ■ 

APPLICATIONS OF THE TECHNOLOGIES ^ * ^ 

V * . 4 ^ - I 

. " ^ / 

In the folriowing paragraphs, each .of the applications <inder 
study is disc^ussed briefly to bring into perspective the 
technologiets which are. useful in each application. 

Cable Televi sion (CATV) Systems . * ^ t 

' ; " : ' ~ — : — — " ■ c 

, The essential technologies here are hybrid linear IC's-and 
microwave (or at least, UHF)' ^ower transistors . ■ CATV systems, 
transmit many TV signals by cab^e over entire cities. 

. Lar^ge. numbers of repeaters a^e required to overcome cable 
losses and to make up the poWer'lost at the cable termina- 
tions in subscribers' homes. Because many repeaters are * ' 
cascaded, nCnlinearities are cumulative; * and great care 
must be tak^ to reduce these inaccuracies to the^rainimum. • 
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Development o:^ UHF monolithic linear IC's would be a cost 
reduction. ' Sd would the use of broadband, fiber optic trans- 
Lssipn systefns. Cable losses are 3 to 5 dB per hundred 
rs, whereas fiber-optic losses are an order of magni- 
less. 




The annual electronic hardware value dn this application 
is about $100 million. A major supplier stated that "a 
little ^ore sensible" regulatory approach needed. A 
potential CATV s'^rvice has to deal with the Federal Commun^'- 
cations* Commission (FCC) ^ first, then with the target cx)m-. 
munity and its government, and finally, with the FCC again. ^ 
At begt, two ^ets of authorities, having different aims and 
outlooks, ar^ involved. x^ii^Pl if ic:at ion of the regulatory 
environment would stimulate growth of CATV systems. 

Electronic Funds Transfer gystems 

There are no technological barriers here at all. The neces- 
sary computers and means of digital cogmunications all exist 
t€)day. Problems in regulation-, security, and lack of inter- 
system data transmission standards abound. 

■ ■ - ■ - 'V ■ . . 

Land. Mobile , Radio (including personal paging systf'ems) 

Whiler miirowave power and Jsignal devices and hybrid ICf tech- 
nology are: needed and used, the state of these ar.ts is 
adequate. SAW's and monolithic linear IC's will provide^ 
lower costs in time. There are regulatory complications 
here,, also. ^ * ^ \ 

The industry is exposed to growing* competitive' pressure from 
foreign mantif acturers.' One'U. S. manufacturer said that 
his creative and aggressive' use of hybrid IC met;^odQ had 
ariowed him to enlarge his domes,tic share of hand-held trans- 
ceiver equipment (walk^j^-talkie) sales and to penetrate the 
European market . significantly . - \ 



TV Telephones. 

One majpr effort to provide this service in the' early 1970' s 
'faile'd for^ cost and human factors ^reasons. There are con-' 
tin'uing /efforts to achieve a viable cost/value ratio. Ove;:- 
,all, this 'application ^ust be regarded as technc^logically 

. , -F-17. . " ' ' . 
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inunature except for specialized cases which are too few in 
number to make the idea commerce ially successful at present. ' 
The^entire system i^ being. worJced upon, and there seeins 
xittle that the Government could do now which would be 
helpful. • * . 

' ^ ... 

( ' ■ ^ \. • 

Satellite Communication 

Hardware- in this servipe usesVriearly every technology in* 
this study. Reliability, lighV weight, .and low power demand 
are overriding considerations in the satellites themselves. 
Except for reliability problems and microwave -power tran- 
sistors, -the technologies, are adequate-. Both of these topics 
have been discussed. • ^ 



Data Network s ^ 



• ThQse exist, are growiag^rapidly and are not being limited 
by technology. There is no doubt th^t microprocessors' will 
cause drastic changes in* the architecture of. data networks 
and m tlieir cos^ and usefulness, Jbut th^se effects will ''^ 

- take place without Governme/it interver)tio,n in the technology. 

• , ' ' ■ 

■• There are serious regulatory -problems; 'Because data networks 
are so varied and changing rapidly, solution, of the regula- . 
tory questions Will require an uncomrabr)- amount of wisdom and 
flexibility. . " . ' • " - , , 



> 



, Secure . Civilian Communicatiohs (s'cramblers) ^ ' 

• ^ " ' ' , ■ \ ■ ■ 

.A 1972 NBS survey -provided the basis ^ior the following' There 
are abovXt 170,000 police par. radios ahd 66,000 police porta- ' 
ble radios in the United States. Of ,tfhese, 9 percent ha^d 
vaicie scrambles on' them. An additional 52 percent' woufd . 
have scr^amblers if the cost were not -^ct high. , 'This* represents^ 
about l^S-, poo ^)Otential sales in police service. There are ^ 
no doubtj other potential Ifeales as wel^, especially in tele-' 
phones. '■ • 

, i I ' ,r, . 1 ., , ■ - 

It IS technically quitd* feasible to^^o ^roice scrambling 
using either CCD or SAW device's which m^y be cheap' enough 



'^for .this applixjation. Perhaps the! Naticynal Institute of 
*Law Enforcement and Criminal Justice or another appropriate 
agency could encourage such a deveiopmenb* ' ' 

^ ^ TV Receivers and Other Broadcast and ' • ^ 

Citizen's Band Radio Equipment 

These applications are grouped because, there is one common 
dominant factor: as ultimate consumer products, cost is a 
key item in making design decisiofiiS. All the technplogy in 
the world will not be us^d unless if is less * expensive than 
^ tKe present way of doing -t-he job. 

The use of SAW filteprs and monolithic linear IC"s in"these 
applications has be^n discussed above. Both of the^e are 
. being introduced in TV s^ts as their costs come down. 



BUSINESS ENVIRONMENT' ' ' ' ' - , ' 

The-'existence of new deyic*e technology does not of itself 
guarantee its use. * Particularly in civilian applications, 
reduced co^t^is the most important factor. ^ . 

U. S. industry representatives state unequivocally that 
their needs are^ for improved manufacturing methods, not tech- 
nology* Our productivity is not as good as that of our 
foreign competitors*^ and they have access to new technology 
almoSft as soon as v?e do. ^ - . , ^ \ 

> , » • ... 

Government actions to ^simplify and make consistent the re- 
lations between regulatory bodies an,d' the industry would be 
welcomed. Policies^.are desired which will encourage' the 
industry to reinvest in more efficient production tools and 
to improve productivity. 

We have a technological i€ad' ovfef the rest of the world. - We 
can design to^use t^is technology as. well 'as a^yone'lAWe 
are. hot able to i^xplbit either the technology or. the design^^ 
in the world market as well as foreign producers, because * 
tjhey can mak^. quality products at lower costs than we do. ' 
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Appendix G ' . ' 
' COMPANIES INTERVIEWED BY THE TASK FORCE. , ' . 

Aeronutronic Ford Corporation ' September 10/ 1975 

Palo Alto, California 

Contact: Harry J.*^oett 

Western Development Laboratories Division 



America^ Telephdne and Telegraph September 23, 1975 

Company 
Washington/ D.C.^ 

Contact: Marvin Haltom, Communigations Supervisor 

RichcCrd Hake, Director of Government Communications 
Bert Givens, Assistant Vice President for 
Federal '"Agencies 



.Avantek, Inc , ^ . , - September 8, 1975 

Santa Clara, California 

Contact: Lawrence R. Thielen, Pf^esident and Ghairman 
Forrest F. Fulton, Jr., Vice President, 

Telecom Division * I 

Robert E. Goff , Director of Marketing, MIC 

and Components Divisiooi 
^Robert M*. Bendorf^ International Sales Manager ' 

Bell Laboratories . , October 10, 1975 

Holmdelf New Jersey . \ \ ' * 

Contact: Solomon J. Buchsbaum, Vice President - Network . 
Planning and Customer Services 
David Thomal ' 



Boeing Computer Services^, Inc. September 11, 1975 

Dover\ New Jersey C 

Contact :- John S. Gilbert, Director of International * 
C • Operations, 

California Microwave ; " ' * -September 10, 1975 

Sunnyvale , California / 

, * Contact: .D. B. Lesson, Vice Pres^ent , . , 

ERIC . . , ' 261 ^ ' 



4 



'Collins Radio Group) RQckwe^ll 

^International 
Richardson , Texas 



September 15, 1975 



Contact: Thomas A. Campobasso, Vice, President -and 
. General Manager . 

Tariq.Aziz, Manager, International Satellite 

Coirimunications Marketing 
Don Smith, Director, International Marketing,, 

Microwa^ve ' - " ' 



Computer Sciences Corporation 
Fails Church, Virginia 



September 12, 1975 



Contact: William A, Kuhn, Vice President, Program 
Development, Internal&ional Programs 



Comtech Laboratories , Inc. 
'Smithtown, New York 



Septembter 19, 1975 



Contact: Donald Campbell, Vice President, Technical 
Planning ' - . 

Jack Green, Chairman of the Board 



Control Data Corporation 
y - Arlington, Virginia'^ 



September 19, 1975 



Contact: Earle L-* Lerette, Special Assistant to the 
Chief Executive Officer 



Control Data Corporation 
Minneapolis , Minnesota 



October 2, 1975 - 



Contact J 



WiljDur D, French, General Manag*er, Pan Am Far 
East Data Services and System's Operation^ 

Kent-H, Stow, Technical Development/ Control 
Data Technot^c/ Inc. 

^Jiarles W, Bahan,* Vice President, COMSOURCE, 
^Service Bureau Corporation 



*New contact for^CDC key focal point is Mr, p/ C, O^stad, 
Service Bureau 'Company ^ Greenwichy^ Connecticut • 
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Cook Electric Company , ' ^ September 1975 

Morton Grove, IlliAfyis . - • 

Contact: Gerard' li. Meyer, President, C-Trade, Inc. 

(international marketing subsidary) 

Cornell University September 16, 1975 

Ithaca,' New York x * • ' 

Contact: Raymond Bowers, Prqgram on Science, Technology 
and Society ^ 
^ Jeffrey Frey, School of Electrical Engineering 

The Cyphernetics Corporation September 16> 1975 

Ann Arbor , Michi gan 

Contact: ifehneth Lochner, President ' , * * 

• • John C. Duffendacic, Vice President, , 
i " Telecommunications Systems ^ ' 

Data' Resourcesj Inc. ^ September 15, 1975 

Lexington, Massachusetts ^ ' i;,,; 

Coritaet: Charles Warden, Vice President ' ' , 

Dennis O'Brien*, vice President', Marketing, ♦ - 
^ • Canada/Western Euro|)e ^ . 

Ralph DeMent, Manager^ TelecoitanunjLcations Services 

' . 0 * ' 

^ Farlnon Electric ' September 10, 1975 

^--^ San Carlos, California 

.Contact: , Weston C. Fisher, Vice Chairman ' ' / . 

William 0. Craddock> Vice ^President , Operations 

. General Electric Company . * September 19, 1975, 

Lynchburg , Virginict \ . ' 

Contact: ^ Richard P. 'Gifford, Vide President, . ^ 

\Comraunications Projects, . ' ;^ 

' H. Speight Overman, Strategic^ Planning Analyst 
Al GiesseBnan, Manager, Product Planning** 



General Electric Company 
Rockville , Maryland 



September' 23, 1975 



Contact: Gerhard Mueller, ^flianager, International Operation 
. . Robert Streight, "Manager, International Marke*t 
Development , . • * 

Peter Salisbury^ Manager, Strategy Development, 
Strategy 'Planning Operation 



September 9, 1975 



Granger Associates 
Menlo Park, California 

Contacts ^ Jack L. Shephard President 

Kevin Giffen, Marketing nand Sales Manager 
Robert W. Berg, Director of Marketing 



General Telephone and Electronics 
Stamfordr Connecticut 



September 18, 1975 



Contact: James L. Clark, Vice President Communications Products 
and President of ' GTE Satellite Corp* 

Lee L. ^ Davenport , President , GTE Laboratories, Inc. 

Jane^Davis, Daj^tjy Washington Representative, GTE 
International T-nc . 

John^V. Hefferman, Staff Assistant to the President, 
GTE Service Corp. ' . ' . 

William .R. Malone, Vice President GTE Corp. 

RqY C* Megargel, Senior Vice* President/Telecommuni- 
cations Division, GTE International Inc. 

Claude E. Munsell, Vice President/Telephone "Operations 
Staff, GTJS ServJLce Corp. 



General Telephone and Electronics 
Stamford, Connecticut 



September 22, 1975 



Contact: Alexander E. Patterson, Jr»., President, 6TE Informa- 
tion Systems, 'Inc. 



Hughes Aircraft Company 
El Segundo, California 



September 11, 1975 " 



©ontact: R. W. Lyngren, Director .of Administration 'Snd 
Services 



IBM Corporation i - September ' 22 , 1975 

Armonk, New York . / . 

Contact: Fred Warden, Director of Tejecommunitations ' 

f Relations - [ , 



iCC/Milgo September 19, 1975 

Miami, Florida ^ . ' ^ 

Contact: E.Bleckner, Vice President f6r Operations, 
Milgo,. and President, ICC 
H. Moore, Manager, ICC Export Company 

■^^'^ September 17, 1975 

New York, ^New York i ' ^ 

Contact: Lynn Ellis, Director of Telecommunications 

E, F, Johnson Cpmpany ^ . Septer^ber 11, 1975. 

Waseca, Minnesota 

(idritact : Richard E ; Horner , President 

Jim Hemans, Foreign Sales * 

> • ■ 

Martin Marietta dorporatiaa September 15, 1975 

Orlando; Florida • ' , , % 

Coritact: '(George F. uShsur, Vice President ' <y 

Harold W. Clark, MarJ^eting Director,. . ' " , 
Communications and Electronics • 

Microwave Associates,' Inc. \ r September 17, 1975 

Barlinyton ijiassachnse'tts ^ . ■ 

Cbiitact:. John- Van,- International Marketing Manager ' " 

Moi^oxpla, Inc. ' ^ September 12,' 1975 

Schaumberg ,' Illinois ' ^ - . 

^/ebn'tatb: . James Searle, Vice Pr^esident and Manager, Latin 

American. Distribution . • -> " 

Martin Cooper/ Vice-President, and Division ~ 
^ . Director of Systems Operations 

* Curtjis J. Schultz, Dii^d^tor,. International . 

■ Engineer ifig^r . , • 



North Electric Company September 12, 1975 

Galdon, Ohio " ' ^ 

Contact:^' J. McDavid, Vice President, Corporate Planning 
Chuck Conry, Vic^ Presidfent> Governirient Products 
Morris Horrell, Vice President, Product Development 

1^ * \' • ' 
Rapidata , inC: . ^ \ September 11, 1975 

Fairfield , iVev Jersey ^ ) , ' 

Contact: I. M. AulfJ, Vicfe President, International 

Curt M. Huff, Assistant Vice President, Operations 
Stephen Pritchard, International Sales 

. * • / 

Raytheon Data Systems ^ .^September , 1975 

Norwood , Massachusetts • • 

Contact: Hugh Bannon, Marketing Manager 
John 'Caliguire> Export Manager 



RCA corporation ^ ^ • October 16, 1975 

New ^ork. New York * . . * . - . 

Contact: William'^ Webster , Vice President, Laboratories 
• Stephen S. Barone, Vice President, Licensing 

Alan p. 'Gordon /•'Vice .Presj^dent'/ Internationa], 

Licensing ^ • ^ 

James Hillier, Executive Vice President, Research 
* and Engineeririg ^ , ' 

RCA CommunicatLons Systems September 18, 1975* 

\Meadow ^ands, P^njisylvania ^ , ^ 

Contact: Ray Hamblett, Manager, International Sales, 
■ ^ . Mobile -Communications Systems - * • - ' 

Malcolm L. Stepl:ienson, Manager, Systems Engineering 
• ^ Moto^le Communications Department . ^ 

kAckwell International September^ 'll, 1975 

Do\;ney , CaXi f or^nia * " - . ^ 

Coiitact: • Gen^ Freeman/ Space Division ' v . * 
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' 'Sanders Data Systems,, Znc . . ' 'September 17, 1975 

Nashua, New Hampshire 

d ^ - 

Contact:' M. Andrew Halade j ; Vice President, Business 

Development ^ 
- Charles L. Register, Vice-President, Corporate 
- * Staff ^ - . 



Scientific ^Atlanta ^ September -17 , 1975 

Atlanta , ^ Georgia 

« 

C<4)ntact: Sdd Topol, President 

'J 

The Singer Company ■ - . September 22, 1975 

New York, New York 

^Contact: Clark B. Robbins', Manager, Advanced Systems 

Stromberg-carlson ^rporation September 10, 1975 

Rochester , New York ^ , . • . - 

Contact: John Fairfield, Vice' President, International 

Joe Kotzin, TManager,, International ^Programs " " 

T^w, Inc. •> , September 12, 1975 

Redon'do Beach, California) ^ 

Contact: James Burnett, Senior Vice President, .TRW Systems 

Group - ^ . ; ^ 

' Jan Reps, Systems and Energy . . 

texas Instruments ^ ^ September 26 J 1975 

Dallas, Texas . • . October 7, 197S 

Contact: Fred Bucy, Vice President arid cSiief Operating ' 
Officer - — ^ , _ 

. Norman Neuriter, Manager, International Qjasiness 
• ^ Development . - 

Charles 'Phipps, Manager, Strategic Planning 



Tymshare, Int:. • ' * September "l7 , 1975 

Capertino , California 



l^ontact:' Thomas J-w^'O'Rourke,* President . * 

Wa^ren^TTince, Vice President, Data Services 
Division - ^ • . 

" ' * ^-7 / . ^ 
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Wescom, Inc. - . 

Downers Grove, Illinois ^ * 

Contact: -Alan Brown, President 

'Roger MgLain, International Marketing 



September 1975 



Zenith i^adio October 8,« 1975 

Chicago , ' Illinois . * * 

Contact: Robert Adler, Research Vice-President 
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•Appendix H 



ac 

Aerosat 

AFB ^ 

^ APSATCOM 
ALASCOM" 
ALOFT f- 

AM L 

AMOS ^• 
AMP, Inc. 
ANIK 

^ APCO 

ARBITS* 
ARPA 
^ATCAP 

ATS 

AT&T 

Autodin 



BNR* 
C 

CAI 
CATV . 

CBS 
CCE^ ' 
CCIR 

OCITT 

CCTV 
CGE / 

^CM 



ABBREVIATIONS ik) ACRONYMS 

• alternating current 

aeronautical satellite system planned 
^for the future 

• Air Force Base 
name of Air Force satellite ^ 



CoCom 

COMSAT 

COMSTAR 



~ Alaska Communications divisiontof RCA 
^ name of Air Force program 
amplitude modulation 

- Army Medidal Outpatient System 

- Amphenol, inc. • 

- name of Canadian satellite ^\ 

r Associated Public-Safety Communications 
. Officers. * * 

- Army Base information Transfer System 
Advanced Research Projects Agency ' 
Army .Telecommunications Automati'bn <> 

Program 

Applicatipns Technology Satellite 

- American Telephone >nd Telegraph ^Company 
Automatic Digitari Network .(DOD) 

- ^ Bell Northern Research 

7- Celsius . 

- computer- aidecj' instruction • ' t 
community Antenna, television (cable 

television) 

- Columbia Broadcasting. System - 

- charge-coilpled- device 

- International Radio Consultative 

Committee 

- ""International^ Telephopa and .Telegraph 
p Consultative Committee , 

- closed circuit television- 

- Compagnie Generale d' Etudes Telec<?mmuni- 

cations 
centimeter ^ . ' 

- Centre )National d* Etudes Telecommunica^ 

tions . ' ' • A 

Fr^e World Coordinating Committed 

- Communications Satellite Oorpdration 

- name of COMSAT satellite ' 



erIc . 



H-1 

2,69 



CORGUIDE 

CRT 

CTAB 

OTAC 

C^TC . 
CTS 
CVSD 




optical* fiber trade name , 

cathode-tay tube . • 

Department of Commerce •Technical Advisory 
Board / 

Cable Television Technical Advisory- 
Committee ^' ^ , 

Central Texas College 

Communications Technology SatejLlite 

continuous variable slope delta ' 



dB 

dB/km ' 
dBm 
dBW 
dc 

DCPRS 
DOD 

DOMSAT 
DSC 
DSC^S 
DTM 



EFTS 
•EAROM 
Exlni 

f ■ ' ^ 

FCC 

-FDA i 

' FDM ^ «, 

fltSatcom 

FM 
FOC 

GENESYS 
GHz 

GLOBECOM 
GNP ' 
<3SAT, 

GTE ' 



decibe^ 

decibels pe-r kilometer 
decibels r^l^tive to 1 milliwatt 
decibels relative to 1 watt ' 
direct current 

Data Collecti9n Platform Radio^Set, 
Department of Defense 
ddmestic satellite 

- ' direct^ satellite ^communication 
7 Defense Satellite Communications System 
- ' Director of Telecommunications ManagejKent 

- (obsolete 

electronic fund transfer .system • 

- electrically alterable read-only memory 

- Export-Import BanK* ^ 

ca^'rier frequency ^ 

- Federal Communications ^Commission ^ : 
Food and tf)rug Administration 
frequency divisiqn .multiplexing 

- Fleet Satellite Communications System 
frequency inodulation - '° . ' 
fiber opti"c communications^ 



Graduate Engineering Education System 
gigahertz ^ * : 

^Global Communications di^siqn of RC^ 

Gross Nationiapl Product f^*^ - * 

General ^ai^llite Corporation , . ' ; 

General Telephone aria Electronics 



IBM 

IEEE 

IF 



International- Huainess- Mac^nes Corporation- 
integrated, circuit • ^ ' ' 
Institute of/ Electrical and Electronics 
Engineers * . ' , . -^^^ ^ 
- intermediate frequency 



ERLC 
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INTELSAT 

IRAC 
IT^S . 
ITT . 

ITU 

k ' 

kb/s 

kHz . 

km 

KSC 

kW 

LEAA ' 
LED. 
»LES 
LMR 

m 

MARISAT 
Marots • 
Mb/sT 
, MOS } 
Medanav ,• 

MHz 

MIT « 
lilTRIX 
noh , 
MTS 
m ' . 

NARUC 

Rasa 
-NBS ; 

NOAAv 



NSF 

•OT 
OTP 

. PBS 
PCM 



\ 



Intfernational Telecommunications 

Satellite^onsortium 7 " 

Interdepartment Radi6 Advisory! Committee * 
, Instructional Television Fixed Service 
International Telephone and Telegraph 
Corporation • 

International Telecpmmunication .Union 

/ ... 
kilo < ' 

kilobits per second 
kilohertz , » * 
kilometer 

Kennedy Space' Center (NASAl ' ' • 
kilowatt " ' 

. Law Enforcement Assistance Administratiom 
light-eypitting di®de , 
name of 'Lincoln ^Labs (MIT) satellite 
'land mobile radi9 . ^ ' . 

meter 

Maritime Satellite, System ^ ; 
maritime satellite" system' in development 
megabits per second , ' - • 
metal'-oxide-semiconductor 
^ A U. S.-? Navy Aulti -media teleconferencing 
^program to serve isolated units i 
megahertz 

Massachusetts Institute of Technology 
'Mitre Corporation two-way ' broadband systeM 
millimeter ' ' ' 
message tel^coj|tmunications ^'ervice 
micrometer, ^ ^ . ^ ^ 

NationaT Association of' Regulatory Utility 
Commissioners ' ♦ ^ 

National Aeronautics and Space Administra- 
tion ^ - , - ' 
.National Bureau of Sjis^darKis - 

National Oceanib anxi Atmospheric Administra- 
tion* * « > * , 

National Science Foundation 

Office of \TeIecommunicajtibn^ \. / 

^Of^ice of -Telecommunications Polidy 1_ 



Public Broadcasting Service 
pulse^ code modulation 



H-3 



PIN 
PLATO 

PM 

^PORD 
ppm 
PROM 
PTT 




RCA 
RCC • 
R&D 
RELAY 
REPRO- 
RF , 
RMM 
ROM . 

SAB 
SAM 

SATCOM 

SAW 

SBS 

SEli _ 
SEtFOC 
SITE • 

Sky net ' 
SMR 

SMS/GOES 
S/N 
SOS. 
SPAS • 
STL 

Symphonie 
SYNCOM ^- 

' tirpft 

TDM 

TDMA , - 
TELES^ilT 

T°eaex 



4.- 



positive-intrinsic-negative ' ^ 
Progr^taied Logic fb^Automati^ Teaching ' - 
Operation 

phase modulation " * 

(British), ^ost Office Research JDevelopment 
part per million ^ - . ^ 

programmable read-only memory 
post, telegraph, ahd telephone organization* 

quality factor of a resonator 

Radio Corporation of Am^fca • ^ ^ . . 

radio Qomraon carrier ^ ' • , 

rese'arch and development 
name of satellite 

reprogrammable readonly memory ^* 
radio frequency 

read-mostly memory (simil^l: to EAROM) , 
r^ad-only memory 



Space Applications Board 
,surface-t'o-air missile^ 
hame of RCA satellite ^ 
surface acoustic wave (device) ^ 
Satellite Business Systems 
Standard Electrik Lorenz 
tirade name' for "self-focusing" 
Shipbo^d Infprmation, (Training and 

Ejitertginment 
A satellite i^ystem 
Special , Mobile Radio 
Weather satellite system • ^ 
si*gnal-noise (ratio) 
silicon-on-sapphire 
State Planning Agencies* 
Standard Telecommunications LabiOraLtory ^ 
'name of satellite , 
Syriahronous pommunication, Satellite 



circuit conf illguration'* 
time division multiplexing 
Time Division Multiple Access ^ 
'nam§ of botn the 'Canadian satellite * ! 
' corporation and the satellite ' 
Automatic Teletypewriter Exqjiange Service 
(of Western Union) ' ^ 



TICCIT 

L * ' - 
■ TTL. 

TV 

U. K. 

UHF 

USAECOM 

USMA 

USSR 

.VHF ■ \ 

WARC 
WATS 

WESTAR ' , 



- Time-Shared Interactive Computer-^Contr^lldd 
^ ^ Information Tel-evisi-on (System) ' . ' ' 

'-^ transistor-transistor ^logic • * ' ^ 

.television- / ^ ' 

I* * • ^ 

- Uftitdd Kingdom ' ■ 
,V~- ultra-high frequency / *" l 

- .U". S, Army Electronics Command '(obsolete) " 

- U. S. Militarjf Academy (West Point)- 

■ - , Union of the Soviet Socialist Republics 

- very-high frequency - 

- World Administrative Radio Conference 

- ' wide aj^ea telecommunications service 
■ of Western' Union Satellite" 
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